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PREFACE TO THE FIRST EDITION 


I am indebted to people in various countries for generous help and 
my thanks are due to them for providing valuable information for 
this book. 


In Britain I am chiefly indebted to the firm of Cadburys for giving 
me every facility to write the book, and I have been greatly assisted 
not only by the encouragement of their Board, but by much technical 
advice and help from my Bournville colleagues. They have read the 
drafts of appropriate sections and corrected the proofs, and during 
my absences abroad have watched over the preparation of the 
material on my behalf. I would list the following to whom I am 
especially indebted: Mr. John Cadbury, Mr. W. E. Cossons, Mr. 
Spencer L. Hale, Mr. W. McL. Hood, C.B.E., Dr. G. R. Howat, Mr. 
F. T. Lockwood, Miss D. M. Stevens, Mr. R. V. Wadsworth, and 
Mr. G. A. Ross Wood. I have had valuable advice from Mr. D. L. 
Martin, a director of Unilever, who is responsible for guiding the 
immense plantation interests of that company. I have had the ad¬ 
vantage of consultations with Dr. A. F. Posnette, whose outstanding 
work in research in cocoa is well known. 


The value of the book is greatly enhanced by the inclusion of the 
chapter on Virus Diseases by Dr. A. F. Posnette, East Mailing 
Research Station, and the chapters on Rehabilitation, Botany, and 
Soils, respectively by Professor C. Y. Shephard, C.B.E., Professor 
R. E. D. Baker, and Professor F. Hardy, C.B.E., all of the Imperial 
College of Tropical Agriculture, Trinidad. 

The subject matter of the chapter on Vegetative Propagation of 
Cocoa by Rooted Cuttings, etc., is based mainly on the work of Dr. 

any Evans in Trinidad, supplemented by some of his unpublished 
siting and information provided by his successor, Mr. Dennis 

tiln"^ i Mr ' MO i n ’ ° f i he Trinidad Cocoa B °ard, supplied informa¬ 
tion on large-scale production of cuttings. 

Plam U ±° fth ^ e info ™ ation includ ed in the chapters on The Cocoa 
1S der ! ve , d from dl scussions with experienced planters in 
rirndad particularly Mr. Carl de Verteuil and Mr. Neal Fahey who 

SSHSra at my disposal knowledge gained from man ^- 


A iS ^. hana ’ 1 re ceived help from members of the Department of 
Agriculture, notably Mr. James D. Broatch, DeputTSTrecte 
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Mr. P. S. Hammond, Assistant Director; Mr. John Paine, 

formerly of the Department, and Mr. Victor Osei, all of whom are 
authorities on cocoa culture in West Africa. 

I am grateful to Sir Harold Tempany, C.M.G., C.B.E., for ready 
help and guidance. 

Finally, I acknowledge the assistance of my wife who helped me 
in the work throughout. 

The author takes responsibility for views expressed in the book. 

D.H.U. 


Bournville, 
August 1954 



PREFACE TO THE SECOND EDITION 

means of controlling the more trnnM, ' es P ec,all y in ‘he 

cocoa, which a few yfa s Lo consthn, H ■ peStS and diseases ° f 
ful experimental work fa fhh fiel Success - 

^Trinidad. ^ e £ e topical Agriculture, 

b rc?e^^:d a ^^t b h IiShed ^ ^ G ° !d Coast 
edition. S S ° referred ^ throughout the second 


Bournvi/le, I960 
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Chapter I 

INTRODUCTORY 

History—Discoveries in Manufacture and Consequent Im¬ 
portance of Amelonado — Manufacture—Cocoa Butter — 
Cocoa Butter Substitutes—Production and Consumption 
—Position of Producer and of Manufacturer—Outlook for 
the Planter 

Cocoa and chocolate are articles of common diet and a luxury in 
many countries. They contain both protein and fat and have a highly 
concentrated food value in relation to their bulk and weight. The 
processing of the cocoa bean during manufacture is mainly directed 
towards the production of eating chocolate, drinking cocoas and 
cocoa butter, and, to a lesser extent, to the manufacture of theo¬ 
bromine. Cocoa butter is also used in the manufacture of cosmetics 
and pharmaceutical preparations. 


mo 1 '-/ix x 

The history of cocoa begins in Central America with the Maya 
Indians, who were the first known people to have realized the valuable 
qualities of the bean. Even in those days cocoa prices must have been 
high as the beans were used for the purchase of slaves and other 
luxuries, apart from being prized as a food. The Spaniards were the 
first to import cocoa into Europe, and were the pioneers who intro¬ 
duced it as a plantation crop to many countries of the Americas. 
From the sixteenth century onwards cocoa was planted in most of 

he a i C ?, tral and South and on many of 

the Caribbean Islands. Although the Spaniards took the lead in 
developing the plantation industry, other people, including Portu¬ 
gese, Dutch, British and French, and, at a later stage liberated 
slaves also played an important part. ^ 

iskndsrfThfoUlfrfr 11 and * he n° rtUguese brou S ht cocoa to the 

Dutch and if f G " ea m the seven teenth century, and the 
Dutch and Sparnsh were responsible for introducing it to South east 

B X 



2 Introductory 

Although there are some records of cocoa beingjbrought directly 
from the American continent to the mainland of West Africa the 
plantings which led to significant development were made towards 
the end of the nineteenth century from cocoa established in Spanish 
and Portuguese islands in the Gulf of Guinea. 

Estates owned by enterprising planters were responsible for the 
early development of cocoa as a commercial crop, but later there was 
considerable planting by liberated slaves in Bahia (Brazil) and to 
some extent in Trinidad and elsewhere. During the present century, 
estate development by big companies has become important. 

The history of the cocoa industry in the American continent is one 
which is marked by periods of high prosperity and deep depression. 
The depressions were due to periods of low prices or the onset of 
diseases. At times there was a combination of both. The large-scale 
production which took place in the State of Bahia was a serious and 
lasting shock to the industry in other American countries. It was 
followed soon afterwards by the emergence of the Gold Coast 
(Ghana) and Nigeria as major cocoa-producing countries. Gradually, 
during the past thirty-five years, the picture of world cocoa pro¬ 
duction has changed. The bulk of the crop is no longer grown on 
large estates but on small cocoa farms or fa mil y holdings. 


DISCOVERIES IN MANUFACTURING PROCESSES AND THE CONSEQUENT 

IMPORTANCE OF AMELONADO 

Early in the nineteenth century a process was discovered whereby 
the fat could be extracted from the cocoa bean, and this made 
possible the manufacture of more palatable and digestible products 
which became popular for drinking and eating. A later develop¬ 
ment, initiated by the Swiss and perfected in England, was the manu¬ 
facture of milk chocolate, the most popular form of eating chocolate 
to-day, in which cocoa, cocoa butter and sugar are compounded 
with milk solids. 

The Amelonado type of cocoa, which was planted on such a large 
scale in Bahia and in West Africa, is a cocoa of mild flavour, particu¬ 
larly suitable for the manufacture of milk chocolate, and processing 
by the larger manufacturers became geared to the use of Amelonado. 
Certain cocoas from the Americas and some islands of the Carib¬ 
bean, especially desirable for the manufacture of chocolates of a 
particular flavour, commanded a premium, and some of them still 
do, but the premium being paid of recent years for cocoas with 
special flavour is less than in the past 



Cocoa Butler Substitutes 
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MANUFACTURE 

The mam constituents of the bean are cocoa fibre, cocoa butter 
and shell, and these are separated in the process of manufacture al- 
though a certain amount of fat still remains in the powder. The Vat- 
free fibre contains about 3 per cent of theobromine which can be 
converted into caffeine, for which there is a large demand. 

in the manufacture of chocolate, the roasted nib (which is the 
name gwen to the beans after the shell has been removed) are ground 

iWrfi? 1 f 5 W ^ Ch extra COCOa butter is added along witif other 

ingredients, mainly sugar. In making milk chocolate r 


bea C „°“: T ° f ®>od cocoa 

point of view c^bines a nnih- ^ ^ raanufacturer ’s 

body temperature keeps well and h ° vaIuable . Vir tues. It melts at 
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cocoa powd'er over cocoabuSSrecent an eXCess of 
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countries where it is forbidden to J^ ocoa but ter substitutes in those 
stitutes have been used in their mamifSnF dUCt ir Ch<>CoIates ” ^ s ub- 

is considered by some to be in the'natur^of o The USe ° f subst itutes 
industry. m tbe natUre of a menace to the cocoa 
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PRODUCTION AND CONSUMPTION 

In times of low prices, the peasant farmer of West Africa, whose 
initial outlay was small and whose overheads were negligible, was 
much less affected by the serious falls in price which characterized 
the cocoa market in the ’twenties and late ’thirties than were the rela¬ 
tively highly capitalized estates. The combination of periods of low 
prices and the widespread occurrence of the disease of witches’ 
broom caused a severe setback to the cocoa plantation industry 
during the present century, in what were some of the more important 
cocoa-producing countries of the Americas—a setback from which 
they have never fully recovered. 

As production in America, apart from Brazil, stagnated or receded, 
production in West Africa expanded. At the beginning of the cen¬ 
tury the Americas produced 81 per cent of the world’s crop and West 
Africa 16 per cent; now West Africa produces some 61 per cent and 
the Americas about 30 per cent of the world’s raw cocoa. 

Since 1952-3 world annual output has grown from 787,000 tons to 
1,000,000 tons and upwards. Of this amount Africa provides some 
559,000 tons and Central and South America about half that amount; 
the balance comes from Asia and Oceania. 

The present position is that production has not kept pace with con¬ 
sumption and the demand is greater than the supply. The price of 
raw beans during the past few years has at times risen to the level 
where it has been difficult, and sometimes impossible, to manufac¬ 
ture and market chocolate products at a price which would enable 
them to be sold on favourable terms of competition with other types 
of confectionery. The future prosperity of the industry lies in in¬ 
creased production; it is only by expanding output that cocoa can be 
assured of a favourable place in world markets. 


POSITION OF THE PRODUCER AND OF THE MANUFACTURER 

Some years ago when prices dropped to low levels, the producer 
was at a disadvantage in that he was not able to foretell possible 
fluctuations in price. He often withheld his cocoa hoping to dispose 
of it later at a better price. If he was unlucky he might eventually 
have to dispose of it below what he considered to be a reasonable 
return. Since prices have reached higher levels he has much less to 
worry about, in that even the lowest prices ruling in recent years 
would normally give him a fair return. When the prices of £30 and 
£40 per ton, which were common in West Africa before the war, are 
compared with the prices that have been current in recent years (up 
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to £560 a ton), it is clear that cocoa-growing is now a much more 
profitable undertaking, even when due allowance is made for in¬ 
creased costs of production. 

The position of the manufacturer is, however, much less happy. 
Apart from a general rise in price levels, the violent fluctuations in 
world cocoa prices are a matter of serious concern to him. Large 
sums of money are necessary for the purchase of beans for his current 
needs, and a considerable amount of capital is tied up in the stocks 
of cocoa he may hold as a reserve. As the supply of cocoa is seasonal 
he is virtually forced to buy his main supplies within a certain limited 
period, and if he is unfortunate in having to buy a large proportion 
of his needs during the times when particularly high prices are ruling 
it greatly reduces his profit margin. 

In times of low prices the producer is inclined to suspect the cocoa 
manufacturer of depressing the price unfairly to suit his own ends. 
An examination of prices paid for cocoa beans in recent years does 
not, however, support the view that manufacturers have in any wav 
influenced the market to their own advantage. 

Manufacturers in Europe and in the UnitedStates have reiterated 

he?™«f7h ^ pr0fitab i epnce to the g row er is essential to the well- 

th “? f th A 1 , nd u- St I7’ and Wlth equaI em P hasi s they have pointed out 
that an unduly high price will curtail consumption. 


THE OUTLOOK FOR THE PLANTER 

Cocoa has undergone many vicissitudes during the course nf itc 

bS th^ds of H R , esearch ' Which has UU-rto tagged 
methods for the control ,S ° OW catc ^ n g U P- Economic 

found; there is a bettlr under^^- ^ ? nd diseases have been 
environment in the matter of soik °I tbe response °f cocoa to 
other directions- there has been and tem P erature and in 

of better planting material and eh notable Progress in the evolution 

multiplying improved material forDranr^ 0015 ?^ been f ° Und for 
the other advances thaT have P i'”? in the field - These and 
plantation sideTf the cocoa the betterme "< of the 

profitable and safer proposltion than SCJ? COCOa a more 

mendously improved prospects for thrnJ ,th t ert °u De . spite these tre- 

that world markets will be flooded with an excess^V" n ° likelihood 

m an excess of raw cocoa and 
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that the prices will fall. Even minimum prices ruling for a number 
of years past have been profitable to the producer, and although 
there are indications of increased world output, the increase can 
readily be absorbed by world markets. 
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Chapter II 

THE BOTANY OF COCOA* 

History of Cocoa Planting-Natural Habitat—Habit of 
Growth — Pollination—Cocoa Varieties—Nomenclature of 
Cocoa—Present-day Classification 


HISTORY OF COCOA PLANTING 

The genus Theobroma is indigenous to the New World, and wild 

species occur from Mexico to Peru, with an apparent centre of origin 

in the upper Amazon basin. The cocoa tree, Theobroma cacao L. 

belongs to the lower storey of the lowland forests where conditions 

are warm, shady and humid. It has been cultivated since prehistoric 

times by the Indians of South and Central America, and opinion is 

divided as to whether it now ever occurs in a truly wild state or only 

in areas which have at some time or other been interfered with by 

man. The Spaniards who landed in Mexico early in the sixteenth 

cocoa an established product with every indication 

fi.riJ 1 Th d beCtl USCd ’ aDd therefore presumably planted, for cen- 

known ^ **** is much more complex than that 

known to die Mexicans, but in spite of its development having taken 

pla T “ lVely H rCCentl ^ itS b ° tanicaI histor ? is b ? "0 means ctr 

as 1525 S hmTk aT ff aid to have P ,anted cocoa in Trinidad as early 
as 1525, but it is not known whence they obtained planting material 

There is no good evidence that the tree is native to Trinidfd thoueh 

a ^ual Iy S fc>ea rsu fficien t 

rntmmm 

plantings. The cocoa called “rv 11 » ame source as the Trinidad 
Say is rather ” V “ t0 - 

pa^T;LTdor^^r d UM, ‘ ab ° Ut 1830 ’ * was 

the Venezuelan, was p Ian ,ed in the lat^^TriSw^S 

* By Professor R. E. D. Baker. 
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The Botany of Cocoa 

that time the third largest producer after Venezuela and Ecuador 
and was producing a type of cocoa quite different from either. All 
three, however, were producing what are now classed as fine or 
high-flavour cocoas. 

Ghana started planting cocoa about 1879 with yet another distinct 
type of material, obtained indirectly from Brazil or Surinam, of a 
different flavour but superior in hardiness and yield. It is misleading 
to speak of the cocoas of Venezuela, Ecuador and Trinidad as “high 
quality” and those of West Africa as “inferior quality.” Different 
kinds of cocoa have different flavours and therefore different uses, 
but much West African cocoa is now better prepared, and therefore 
could be said to be of better “quality” than the present-day produce 
of the older cocoa-growing countries. 

NATURAL HABITAT 

Ecologically, all varieties of cocoa appear to be trees of lowland 
tropical forests. Their natural habitat includes very wet spots in the 
lowest storey of small trees in dense rain forest. The limits of cultiva¬ 
tion are about 20° N. and 20° S., with the bulk of the crop within 
10° of the equator, and within these limits most of the main pro¬ 
ducing areas are at low elevations. 

The origin of the tree as an under-storey species in forest is 
probably responsible to some extent for the traditional method of 
growing it under the shade of larger trees, but it is to be noted that 
in this respect the “natural” environment does not necessarily give 
the best conditions for high yield. In fact, the heavily shaded trees 
in forest usually carry little fruit. Cocoa can survive in heavy shade 
that would kill many species, but it can also survive a considerable 
degree of exposure, although general experience is that unshaded 
cocoa may suffer severe set-backs. The lesson to be learnt from the 
forest habitat and from experience in cultivation seems to be the 
necessity for protection from wind and the desirability of shade, 
except in those instances where experience has shown that shade 
may be safely omitted. 

HABIT OF GROWTH 

The various kinds of cocoa differ little in general habit. All are 
small trees, attaining a height of thirty feet or so, and with few 
exceptions they all have an uncommon and characteristic mode of 
branching. The seedling plant forms a straight main stem three to 
five feet high, and then forks into three, four, or five main, almost 
horizontal, limbs, forming the so-called fan or “jorquette.” The 









tV * 


■V* .y* 

ifi '"t^. 

* Hr . r- * 


/ « 



/-.•v 


k?r 


•JT ' 


* 




«•’ 


-J 


S>. 




P»* 


#fe- ^ 


V V 


« •% 


r*£ 




>v - /* 


« ,*i 


% 


4 




&&!« 


■<V» 


W-- 1 \i'' 

igZ * V.-w«.s 

SFr^T.- .- * »1 j- .* • > I ^ ** 

•* • ’ . '*' - IT: ’& v V .a 


* f 


>• %, > 


I 


ko/l 


} X 


W 

'+ 


.■<? 


- *1 


* 


>•> 


# *■' 


IS* 


&■•■-KST. 


:1V 




* > 


/ \f* ~ /*•' 




'• A cocoa farm in Ghana 



4. Amelonado pod growing on 
tree in Bahia. Here it is called the 
“Comun” type 


2. A chupon branch of a cocoa tree with 
leaves in a ^-spiral giving rise to a jorquette 
of five fan-branches 


3. Cocoa flower, showing the style 
surrounded by five pigmented stami- 

nodes 
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6. A collection of cocoa pods. 
In the background are pods 
from I.C.S. clones 
The group in the middle shows 
the range of size and shape 
found on a Trinidad estate 
In the foreground are some 
Calabacillo and Angoleta pods 
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9. A cocoa tree about seven years 
old grown from a fan-cutting 


8. Achupon arisingfrom afan cutting. 

The original fan branches will be re¬ 
moved and the new tree will develop as 
if it had originated as a seedling 

10. On the banks of the Rio Jequitihonha, Bahia. 

has not been controlled 
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Habit of Growth 

terminal bud is used up in the forking, and further increase in height 
is made by a sucker or “chupon” which arises later, usually just 
below the jorquette, and grows up vertically between the branches of 
the latter to repeat, a few feet higher up, the forking of the main 
trunk and form a second storey. An unpruned tree may add a third, 
or even a fourth tier of branches, and plantation practice varies, so 
that on different estates one may see trees kept to one jorquette and 
trees with two or three. In certain wild Theobroma species the 
terminal bud is not used up in branching, and growth continues 
from above the jorquette, giving the tree a distinctive and very 
regular appearance. 


Types of Branches 

There are thus two types of branches, (a) the upright or chupon 

type, including the first main axis of the seedling, and ( b ) the fan 

type. Both bear flowers and fruits, but they differ in several other 

respects. The chupon type of branch bears its leaves in a ^-spiral 

and is determinate in its growth, as sooner or later it always gives 

rise to a terminal fan. The fan branch has its leaves two-ranked and 

is indeterminate, growing indefinitely and giving rise to laterals of 
its own type. 

inrnlL g T!?'r rUle ’ S ive rise to chu P ons <=*cept in the 

j quette, and fans to fans. There is, however, a certain variability 

a b fanV h h “ dimor P hism ” of branching. It is very rare fo^ 

a fan to be produced from a chupon below the jorquette, but it is bv 

no means uncommon for chupons to be produced on fans The 

rUk ‘ V° bC in cerlain C ™>~> American 

the seed Irih sn^ll" 0 P °n ^ anches 1 the main stem s,arts from 

countries outside Central America, though a^mTcTrTTrini^ 
The Leaves 

thi^burflmtntexS W whe n,a,Ure ' gree " in colour and 

various shades of Sd and ve “ LTaVd 7 are ' ight gre ™ ° r of 

from their petioles Stinules 12 ™ d Ump ’ han § ,n 8 vertically 
These are no^soon^ °7‘ he young leaves" 

are present. ” persist when certain diseases 

poSb. y p t‘kt g a r swemng at 

toprc stimuli. T*e fan branche? make thefpowh^^u'sh^te 
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length of the intemodes gradually increasing from start of growth up 
to a maximum, and decreasing again as the bud returns to a dormant 
condition. The stipules of the last-formed leaves of a flush, being 
close together, leave characteristic scars on the twig when growth is 
resumed, so that the extent of successive flushes can easily be seen on 
examination of a branch. The leaves usually persist through two 
flushes and are dropped from the third length back from the terminal 
bud, so that there are normally leaves of three distinct ages on each 
branch. 

Flowers 

Theobroma cacao is “cauliflorous,” which means that the flowers 
and fruits are produced on the older leafless parts of the trunk and 
branches. In some Theobroma species, such as T. bicolor , the flowers 
are produced in the leaf axils of the current shoots. In T. cacao , 
although the flowers are produced on the old wood, they arise at 
cushions which were originally leaf axils. According to Stahel, they 
occur in the axils of the reduced first leaves of the axillary branch, 
which then normally develops no further. Occasionally on healthy 
trees, and more frequently on trees attacked by witches’ broom 
disease ( Marasmius perniciosus ), the axillary branch develops into a 
small leafy shoot, and in such cases the position of the inflorescence 
is very clear. Cushions can also arise adventitiously. 

The flower is quite regular and hermaphrodite, and has the for¬ 
mula K5 C5 A5 + 5 G(5), or in other words, five sepals, five petals, 
ten stamens in two groups or whorls, only one of which is fertile, 
and a superior ovary of five united carpels. The pink or whitish 
sepals are valvate in arrangement; the petals are very narrow at the 
base and expanded above into a cup-shaped pouch, beyond which 
they end in a relatively broad spatulate tip or ligule. The androecium 
or male part of the flower consists of five long, pointed staminodes, 
and five fertile stamens, which, being the inner whorl, stand opposite 
the petals. All ten are joined at the base into a very short tube. The 
stamens are so bent that their anthers lie concealed in the pouched 
portion of the corresponding petals, whilst the staminodes stand 
erect and form a sort of ring fence around the style. The stamens 
are double, each representing two, fused along their filaments, and 
each has therefore four pollen sacs. The ovary is simple, having five 
compartments containing numerous ovules which are arranged 
around a central axis in the ovary, and the style is partially divided 
into five stigmatic lobes, which usually more or less adhere together. 
There is a constriction, at which the flowers absciss, at the base of 
the pedicel. 
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POLLINATION 

The pollination mechanism of cocoa is still imperfectly under¬ 
stood, and presents features of much interest. A conspicuous feature 
is the enormous wastage of flowers which normally occurs, and 
examination shows that the vast majority are never pollinated. As 
a rule, according to several independent estimates, the proportion 
of pollinated stigmas is about 5 per cent. 

There is no record of what the natural pollinating agent in the 
native haunts of the tree may be, and if the flower is examined criti¬ 
cally the conclusion must be formed that the structure is not such as 
to facilitate pollination by any of the regular means, but rather to 
hinder it. There is neither scent nor nectar to attract insects and, on 
the other hand, the pollen is too sticky to be that of a wind-pollinated 
plant, neither is the position of the anthers suitable for such a habit, 
tat distinctly the reverse. In fact, both the position of the anthers’ 
hidden in the pouched petals, and the ring-fence of staminodes 
hindering access to the stigmas, are features incapable of being 

pdfoatiom* 3ny StrCtCh ° f 3 teIeoIo § ical imagination as facilitating 


h * ui?/ r0fcss 2 r ® ake r's account of pollination was written further work 
has been done and this was summarized in a paper by Dr. A F Posne te and 

ference H on95 N 7- EntWIS,Ic WhiCh W3S ^ London CoeTcot 
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proportions than occur in Trinidad whm £ These are higher 

smallenough to enter the petal hood addlt,on * the ‘"sects must be 
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Venezuela. 0 *“"■ C ° S,a g“ b “3 

«•-»>"° w *—• 

that constitutes the staminodes and Purple-pigmented tissue 
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will agree with Baker’s opinion . . that‘hmh f 5. d m,d S es ,n c °coa flowers 
hidden in the pouched petals, and the rin^-fM^ £ oslt,or ? of the anthers, 
‘he stigmas are features incapable oni^in^ 6 ° f * ta minodes hindering 
pollination.’ Certainly these ^m?efhLJr ^ ? J egar , ded • ■ ■ 33 facilitating 
they adapt the flower conveniently for nollina»ir>n < ik ,dent ^! . se lf'Pollination, but 
pu^ile t issue and so presentingjtheir backs in turn tmh^r msects feeding on the 
Dr. L. G. Saunders s.uJL Urc pollen^ 
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Several investigations in recent years (Harland, 1925; Stahel, 
1928; Billes, 1941; Posnette, 1944) have shown fairly conclusively 
that pollination is effected by the agency of insects. A certain amount 
of self-pollination is effected by small crawling insects, such as flower 
thrips and aphides. These, however, are evidently not the only 
agents. Flowers on sections of the trunk protected against crawling 
insects by sticky bands show a certain number pollinated, presumably 
by a flying insect. Furthermore, it has been known since 1931 that 
many clones are self-incompatible (i.e. set no fruit with their own 
pollen) yet some of these are heavy yielders. Clearly there must 
be some agent, presumably winged, conveying pollen from tree to 
tree. Billes found that a Ceratopogonid midge of the genus Forci- 
pomyia pollinated cocoa in Trinidad. Two species— F. quasi- 
ingrami and Lasiohelea nana —have since been identified in Trini¬ 
dad and different species of the same genera have been found in 
West Africa, but there may be other winged pollinators, and the 
subject needs still more investigation. Unpollinated flowers are 
usually shed the day after opening. 

The Fruit 

The fruit, which is botanically a berry, usually contains from twenty 
to forty seeds, occasionally as many as fifty, each surrounded by a 
pulp which is developed from the outer integument of the ovule. 
The outer layers of cells of this integument become prismatic in 
shape during the growth of the seed, and their contents become 
highly mucilaginous. At full ripeness they break down and release 
the mucilage. At least one important function of the fermentation 
to which the beans are subjected after harvest is the removal of this 
mucilage by the action of micro-organisms; this facilitates subse¬ 
quent handling and drying of the beans. 

As the ripe pods do not open and scatter the seed, nor drop off the 
tree, and as the seed will presumably be dead by the time the pod is 
decayed, natural dissemination can only be carried out by animals. 
Monkeys, rats and squirrels will open the pods for the sake of the 
beans from which they suck the surrounding sweet pulp before 
spitting them out. 

pollination of cocoa in Trinidad and Costa Rica. He encountered great diffi¬ 
culty in finding these insects but concluded that “midges present in such 
scarcity that they can be observed only by exceptional chance can still bring 
about a satisfactory set of fruit over a period of time. This appears to apply 
to Costa Rica as well as to Trinidad, and in both countries the midges may be 
reduced at some seasons to a level too low to ensure adequate pollination.” 
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COCOA VARIETIES 

In the brief history of the crop already given, it was recorded that 
the first exporter of cocoa to the European markets was Venezuela, 
and for this reason it is hardly surprising that the terminology of the 
markets is still based on standards applicable to Venezuelan cocoa 
more than a century ago. This terminology must be understood. 

From the earliest plantings in the late sixteenth and early seven¬ 
teenth centuries up to about 1825, Venezuela grew only one kind of 
cocoa. It was not a highly uniform variety because the ripe pods 
from different trees varied in colour (some red and some yellow) and 
to some extent in size and shape. There was, however, a general and 
fairly close similarity between them. The pods were relatively long 
and narrow, pointed, conspicuously ridged and furrowed, and warty 
The seeds inside were almost round in cross-section and, when cut 
across in the fresh state, either white or pale violet in colour. The 

auanHt,>, a nf h lh h; faCt * 11 haS neVer been sur P assed > and the small 
f $a T C ° coa now arable on the world’s markets 
are stdl regarded as the highest quality of all cocoas. 

About 1825 another kind of cocoa was introduced into Western 

iSfkt? from . Tn “ dad - This was muc *i l«s uniform and included 
“ ing P° d . s that were shorter and relatively broader than those 

a ° th f d cocoa ’ Iess sharply pointed, or in some cases not pointed at 
all, less conspicuously ridged and furrowed, and often entirelv 

So^nd Ab h Ve aI1> thC SCeds Were somew hat flattened in cross^ 

SsBPIfi 

-cnanc- J1 1 : 

quality " Cocoa from x - -5 ^ Uty and Fora stero” with “lower 

poup^n theTade s°e” Jr.to 2'^ T ** " F ~o” 

at that time was becoming incre^Wlv 0 ™* Ecuador ’ which 

cocoa was entirely different S botanira]l5 f lmP u rtam ; The ^ador 

“Trinitario” of Venezuela * Further f ™ m that of Trinidad or the 
and therefore, in the literal Spanish WaS a . native of Ecuador 

“ Criollo ” there. The ^uado^ T ( DOt , in the trade sense )» 
word “Nacional” rather than “Criollo’’T o^'h ^ 60 t0 Use the 
status, and so the confusion does no, adX'te^ 
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meanings of “Criollo” and “Forastero” were lost from that time 
on in the cocoa market, and the words have to be completely re¬ 
defined today in their application to cocoa varieties. 

NOMENCLATURE OF COCOA 

The “native” (or long-established) cocoas of Mexico and Central 
America have white beans and are essentially similar to Venezuelan 
Criollo, though superficially distinguishable. They scarcely enter the 
export market, but to the extent that they do are classified as 
“Criollo” and are also classified agriculturally as Criollos. The 
original Venezuelan Criollo was introduced to Ceylon, Java, Mada¬ 
gascar and Samoa, and the produce of these countries came on the 
market as “Ceylon Criollo,” “Java Criollo,” etc., although the 
terms, taken literally, would be absurd. 

It should be noted that the distinction between “Criollo” and 
“Forastero” is not the distinction between “Fine” and “Ordinary.” 
All the cocoas so far mentioned are “Fine” cocoas in the modern 
sense. The distinction of “Fine” and “Ordinary” is a later develop¬ 
ment, rendered necessary by the increasing complexity of the cocoa 
crop as production spread; and it is that complexity which necessi¬ 
tates this lengthy explanation. 

Confusion arose when, about the beginning of the twentieth cen¬ 
tury, there came on the market from West Africa and Brazil cocoa 
of another new kind, different from that of any of the Forastero 
cocoas hitherto known. It was quite naturally grouped for con¬ 
venience with the Forastero (or “lower quality”) cocoa, and the term 
now included three separate qualities: (a) Trinidad cocoa, and 
Trinitario of Venezuela, ( b ) Cacao Nacional of Ecuador, (c) West 
African and Brazilian cocoas. As the last group increased in pro¬ 
duction it came to dominate the whole market. 

We may briefly summarize in a slightly different manner all the 
cocoas on the market today as follows: (1) Criollos, the finest of the 
“Fine,” but almost negligible in quantity, which will apparently 
disappear altogether unless special steps are taken to preserve them. 
(2) Fine Forasteros, including Ecuador cocoa, Trinidad cocoa, and 
cocoa from Trinidad grown in Venezuela, Ceylon, Indonesia, and 
a number of other countries of small output. (3) Ordinary Foras¬ 
teros, grown in West Africa, Brazil and San Domingo. 

PRESENT-DAY CLASSIFICATION 

Botanically, we recognize three groups which correspond almost 
exactly with this market division, only the position of Ecuador cocoa 
being anomalous. These three groups are: 



Present-day Classification 



Criollo Cocoas. We define the Criollos by the characters already 
given for the old Venezuelan Criollo population, which will include 
also the native or long-established cocoas of Mexico and Central 
America, and also of Colombia. They have pods either red or yellow 
in colour when ripe, usually deeply ten-furrowed, very warty and 
conspicuously pointed; the pod wall is relatively thin and easy to cut, 
the seeds are plump, almost round in section, and the fresh cotyle¬ 
dons either white or pale violet in colour. The seed characters are the 
most important, as the whole group is variable and occasional trees 
may have smooth or scarcely pointed pods, but as a rule all the 
characters mentioned occur together. Though their early history is 
entirely obscure, it seems likely that the Central American group was 

earned up from South America by human agency and is not truly 
indigenous. J 


Amazonian Forasteros. The Amazonian cocoas comprise the 
ordinary cocoas of Brazil and West Africa and the Cacao Nacional 
of Ecuador. They are called Amazonian because they are apparently 
distributed naturally throughout the basin of that river and its 
tributaries. They probably originated around the headwaters, but 

< \ ° f that ^ eglon are as yet little known in cultivation 

Variation decreases down the river and the members of the group 

taken mto cultivation in Brazil and carried over to West Africa^orm 
a fairly uniform population. 

in Th h : h°t S °l al1 Amazonian Forasteros are yellow when ripe and 
in the better-known representatives in cultivation thev are inmn’ 

C°“ Sly , r ! ) dge l and furrowed - and ro^Sed or v°™ 

blunt-pointed. The pod wall is relativ^lv n a c ^ 

aa 

and mo« ^Suh^'thVp^d m ° St imP ° r,ant - 

Andes into Ecuador, evoivSd foto avarieTvwkh llu S ° g ° l °T the 
paler cotyledons than any other know! a ^ plum P er seeds and 
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aheady been mentioned that the SDankfrd^** hlSt0ry * II has 
planted cocoa in Trinidad in the sixteenth su PP osed to have 
material planted was possibly from Mekco and u that the 

was grown Trinidad in L 
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variety was a Criollo in the modern sense. But in 1727 something 
happened which in the literature is called a “blast”; and whether it 
was a hurricane or an epidemic outbreak of disease, it virtually wiped 
out the cocoa cultivation of Trinidad. Some thirty years later the 
industry was re-established with planting material of a new and 
hardier variety of cocoa brought in from Venezuela. Details are 
lacking, but there can be little doubt that the importation was from 
Eastern Venezuela, and probably it came from the Orinoco valley. 
The cocoa concerned was certainly not the Venezuelan Criollo 
being grown at that time in Western Venezuela. It was hardier but 
of lower quality. We cannot tell whether it was a fairly uniform 
Amazonian Forastero or whether it was already a mixture. If uni¬ 
form, it very soon became mixed by being interplanted with the relics 
of the old “Trinidad Criollo”; but it seems more likely that it had 
already become mixed in the Orinoco basin by the overlapping of 
more than one parental type. However that may be, its characters 
are those of a hybrid population, and its most outstanding charac¬ 
teristic is its heterogeneity. When some of this cocoa was sent to 
Western Venezuela about seventy years after its introduction to 
Trinidad, it was not recognized there as a Venezuelan variety, and, 
being quite different from the Criollo grown in that district, was 
distinguished as Forastero or Trinitario. 

The group of cocoas now included under the term Trinitario is 
important for more reasons than its local connection with Trinidad. 
When reintroduced to Venezuela, the Trinidad cocoa became popu¬ 
lar there because it was hardier and more productive than the high- 
quality but delicate Criollo. Then cross-fertilization took place 
with the Criollo trees and when seedlings were raised from them they 
were no longer pure Criollo. By selection the Criollo was gradually 
supplanted and today very little of it is left in pure stands. 

The history of Venezuela was repeated both in Ceylon, which grew 
Venezuelan Criollo from about 1834 but introduced Trinidad cocoa 
about 1880, and in Java which appears to have got Criollo cocoa first 
from Ceylon and then got it mixed with a Trinitario introduction in 
1888. The process is continuing today in the Central American 
countries and in Colombia, which have Criollos but have introduced 
either Amazonian or Trinidad cocoa and interplanted it with their 
own. Wherever we find a hybrid mixture of recent origin we may, 
for convenience, call it a Trinitario population. This means that 
Trinitarios differ according to their different histories and parentages, 
but all are highly heterogeneous. It is precisely their heterogeneity 
which makes them of the most interest and also of the most promise 
to the plant breeder. 
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Chapter III 

CLIMATE AND ENVIRONMENT 

Possibility of Making the Cocoa Tree Adaptable-Discussions 
at the London Cocoa Conference — Rainfall—Temperature — 
Humidity—Light and Shade—Wind—Altitude—Importance 
of Environment 

The climate suitable for cocoa is usually to be found in a great 
part of the rain forests of large land masses and islands in the tropics, 
within about 20 degrees north or south of the equator. Important 
factors which make up the environment and provide the conditions 
under which cocoa can be grown are rainfall, temperature, humidity, 
light and shade. 

THE POSSIBILITY OF MAKING THE COCOA TREE ADAPTABLE 

Although cocoa originated as an under-storey tree in the shade of 
high tropical forests, the view that the reproduction of similar con¬ 
ditions is desirable for the best growth of the crop has undergone 
considerable modification. 

Most plants which have been developed as economic crops give the 
best results in conditions and environments far removed from those 
in which they originated. The evolution of cocoa from the status of 
a plant of the forest towards that of a highly specialized tree which 
can respond to intensive cultivation has lagged behind the evolution 
of most other crops. It is reasonable to assume that as cocoa pro¬ 
gresses farther on the road towards a greater degree of adaptability, 
and becomes responsive to manuring and other practices normally 
applied to field crops, and, possibly, to radical modification of 
environment, greatly improved results will be obtained from plant 
material of high potential yield. 

DISCUSSIONS AT THE LONDON COCOA CONFERENCE 

At the Cocoa Conference held in London in 1955, papers presented 
by Murray, Havord, Adams and McKelvie covered a great deal of 
the ground concerned with the influence of climatic factors on the 
growth of cocoa. Much of the discussion which follows is based on 
the information provided by these papers. 
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Rainfall \ 9 

Murray outlines his approach to the subject by defining what is 
implied by ecological and physiological studies in an endeavour to 
assess their importance. An ecological study deals with the measure¬ 
ment of environmental factors including rainfall, air and soil tem¬ 
peratures, relative humidity, evaporating capacity of the air, soil 
moisture and solar radiation, and with the correlation of these factors 

‘ h . e the tree \ “ Certain S eneral relationships are 

established, but the interpretation of a single environmental effect is 

handicapped, not only by the fact that it is constantly varying but 

° n account of the complex relations which exist between the 
factors measured and the tree.” The physiological study aims at 
determining responses to controlled experiments, and although com- 
plete comro 1 of environmental factors is difficult in biological 
methods' Uncontrol,ed variations are estimated by statistical 
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limits is dependent on the Sistribudon of theT^T Tl™* 

the soil to hold moisture f th f and the ca P ac ‘ty of 

Gh?„ n anr:r4 e :th:re\he tv“ sT e W'""**'*** In 
extend from November to March Ada S ° n forest belt ma y 
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theoreticaUjfth«e is no tipper Un^t^lfcre 6 ^ ^ b * said «*« 

and distribution of precipitation 23111 lhe nature of the soil 

is distributed over «“» ** rainfall 

soil, cocoa will tolerate a much i h • ? ea ? ° n a free -draining 
soil where drainage is liable to be^mnSd^^r!^on tban in a heavier 
m rainfalls of up to 200 and 300 inVh“ P C ° COa has **n grown 
hable to give ris P e to various Ss SSil^f- “ S ’ ° f « a ^ 
0t Z tntDt l- es P ec 'alIy through leaching a ” d conse q“nt loss 

is at - - * < 

part of the year, whereas a profound d™ 1 nbuted over «>e greater 
peak cropping within huuted periods. 
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that the resting period provided by a marked dry season benefits 
the cocoa tree, but as it has been shown that cocoa grows and yields 
well in countries with little or no dry season, this view is no longer 
widely held. 


TEMPERATURE 

Erneholm, in his study of limitations imposed on cocoa-growing 
in South America, concludes that cultivation on a commercial scale 
is limited to those areas where the minimum daily temperature does 
not fall below 15° C. (59° F.), the absolute minimum below 10° C. 
(50° F.) and the annual mean temperature is not less than 21° C. 
(70° F.). 

In their studies on the effects of temperature in Ghana, Adams and 
McKelvie have made a number of important observations and 
among them are: 

That there is a surprisingly large diurnal range of temperature in 
cocoa plantations. “Shade maxima may reach 35° C. (95° F.) and 
minima may be as low as 13° C. (55° F.). ... 

“Shade reduces temperature variation inside the cocoa plots by 
several degrees. Posnette (1943) found that shaded plots have 
maximum temperatures l°-4° F. lower than unshaded plots and 
minimum temperatures l°-3° F. higher. Artificial shade was found 
to depress the maximum temperature but to have no effect on the 
minimum. This reduction of maximum temperature by shade may 
be one of the reasons why flushing is more intense in unshaded 
cocoa. 

“Pods grow more quickly from March to June than they do from 
July to September when, amongst other factors, temperatures are 
lower. When the mean of the daily maximum temperatures falls 
below 28-3°-29-4° C. (83°-85° F.), pod growth declines. With a 
mean daily temperature of 32-2° C. (90° F.) during growth, ten- 
week-old pods average 9-9 cm. in length, whereas similar pods at a 
temperature of 26-6° C. (80° F.) average only 8-5 cm. in length. 
Variations in pod growth from day to day also depend on tempera¬ 
ture.” 

Van Hall states that pods on cocoa trees grown in the lower 
temperature zones at higher altitudes in Java take longer to reach 
maturity. 


HUMIDITY 

Good growing conditions for cocoa are associated with high 
humidity, and the degree of humidity is influenced by rainfall and 




Wind 
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temperature. The lower relative humidity of the dry season acceler¬ 
ates the loss from the tree by transpiration. Where the supply of 
moisture in the soil is good the cocoa tree may not suffer from the 
increased transpiration, but if the loss of water exceeds the uptake 
the tree will of course be adversely affected. It follows that when the 
atmospheric humidity remains high, the tree is better able to tolerate 
the lack of moisture in the soil in the dry season. 

Adams and McKelvie instance cases where cocoa grew perfectly 
well in exposed unshaded areas in which humidity was as low as 40 
per cent at midday. In the Bisa area of Ghana many of the mature 
cocoa trees died out on hill slopes exposed to the drying effects of 
the harmattan wind. It has been observed that under these condi¬ 
tions trees growing on relatively alkaline soils throve better than 
those on acid soils. 


LIGHT AND SHADE 

The amount of light admitted to a plantation is normally con¬ 
trolled by the use of shade trees, to some extent by windbreaks, and 
by the development of the canopy in relation to the spacing of the 
cocoa trees themselves. A steep slope, especially one facing east or 
west, may be in shadow for a great part of the day and get much less 
sunshine than relatively level land. 

The light intensity is probably the most important factor to be 

considered. Measurement of light intensity is usually expressed as a 

percentage of full light. The daily incident light will be affected by 

cloud, rainstorms, dust and other factors. Photosynthesis proceeds 

at a greater rate in a plantation without shade than where shade is 

present, and the response to manures generally increases with the 

decrease of shading; this applies especially in the case of nitrogen. 

In experimental work in Trinidad it was found that the relative 

growth of unmanured plots was best at about 50 per cent light in¬ 
tensity. ° 

The general conclusions arrived at as a result of experimental 
work in Trinidad are that shade requirements of cocoa are related to 
the availability of soil nutrients, and that heavy shade reduces early 
>? e d, irrespective of mineral nutrition. On the other hand, under 
little or no shade, early yields are determined by mineral nutrition. 
Un a poor soil too much light may affect the yields adversely, but the 
highest yields may be expected on a good soil in absence of shade. 


WIND 


Hurricanes and gales of high 
mechanical damage to plantation 


velocity may cause considerable 
crops such as cocoa, coconuts, 



22 


Climate and Environment 


coffee and citrus. Devastatingly high winds are of infrequent occur¬ 
rence in any one area and are, therefore, accepted as a normal risk. 
Wind of even low velocity blowing persistently will have an un¬ 
favourable effect on the climate within the plantation, and if it blows 
from the sea an accumulation of chlorides on the leaves of the cocoa 
trees may give rise to leaf scorch. 


ALTITUDE 

Cocoa is commonly grown at altitudes of up to 2,000 feet and can 
be grown at much higher altitudes in sheltered conditions, even up 
to 5,000 feet. The lower temperatures may be the chief limiting 
factors at the higher altitudes. Again, where the higher altitudes are 
subject to prolonged periods of mist and overcast skies, the trees are 
liable to suffer heavy attack from fungus diseases, particularly black 
pod. 


IMPORTANCE OF ENVIRONMENT 

There is much yet to be learnt about the effects of environment, 
and how to adjust conditions of environment to the best advantage. 
Adams and McKelvie (1955) estimate that under certain conditions 
in Ghana losses of 900 lb. of cocoa per acre are sustained through 
ignorance of the effects of environment, and this is ten times the loss 
due to pod disease and rodent damage. Fennah’s work in Trinidad 
emphasizes the correlation of maladjustment of environment and 
heavy attacks of insect pests. 


The meteorological data are derived from the following sources: 

TAFO : W.A.C.R.I. Annual Report 1952-3. 

st. augustine, Trinidad: I.C.T.A. (from information given to students). 
uru5uca, Bahia: Figures for 1937 from Cocoa in Brazil, by L. J. Schwarz; 

1941-50 figures from Experimental Station, Uruguca. 
malaya : “Report on suitability for cocoa-growing of the territories of 
Malaya, Sarawak and British North Borneo,” by D. Gillett. (Private 
Report to Cadbury Brothers Ltd., 1948.) 
rabaul, New Britain: The Growing of Cacao in Papua and New Guinea 
(Appendix 7), by D. H. Urquhart and R. E. P. Dwyer (Cadbury 
Brothers Ltd., 1951). 

mulinu’u. Western Samoa: Cocoa Growing in Western Samoa (Appendix 
1), by D. H. Urquhart (Technical Paper No. 39, South Pacific Com¬ 
mission). 

The graph (Fig. 1) is adapted from Le Cacaoyer a Tafo (Gold Coast), by 
L. Poncin (Brussels, 1950). 
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TAFO LELA - (Average Annual Total 1548 mm. or 60-9 inches) 

AF ° .(Average Annual Total 1536 mm. or 60-6 inches) 

Fig. 1 

average monthly rainfall (1938-47) at tafo, Ghana, and 

LUKOLELA, BELGIAN CONGO 

Table No. 1 

1 ” 0 “°' C * L ° ATA ° P S0ME COCOA-GROWING COUNTRIES 

’• TAFO - GOLD 05-year period, 1938-52) 

Shade Temp. 

Month IT H r id - »o aS of 

Ian,,.™ ( T* rm Fa tr) 00 ' na' Tzt'i We ‘ Days 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December. 


— m. 

Mean Meat 
Max. Min. 
(degrees Fahr.) 


91-4 

93-7 

93-5 

93-7 

921 

89-3 

86-8 

86-4 

88-0 

89- 8 

90- 5 
90-6 


591 

61-2 

65- 8 
661 

66 - 6 
66-1 
66-2 
65 0 
66-6 
66-3 
65 0 
62-7 


85-9 

83- 7 
81-6 

80- 5 

81- 7 

84- 7 
86 0 

85- 9 
85-1 

83- 1 
81 -8 

84- 2 


(%) 

54-1 

51 -3 

54-7 

57-9 

62-3 

67- 9 

68- 9 
61 -3 
70-6 

69- 8 
65-4 
61-4 


Average 
Mean No. of 
Rainfall Wet Days 
( inches ) 


Total for year 


1- 56 
3-63 

6 09 
5-80 

7 07 
8-33 

5- 53 

2- 79 

6- 23 
8-65 
5-08 
2-44 


3-4 
7-3 
11 *6 
11-2 
13-4 
18-4 
13-4 
12-8 
13-9 
180 
110 
50 


63-20 139-4 


• • 
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2. st. augustine, trinidad (21-year period, 1929^49) 


Temperature 



Mean 

Mean 

Sunshine 

Humidity 

Mean 

Average 


Max. 

Min. 

Dly. Av. 

Mean Min. Rainfall 

No. of 


(<degrees Fahr.) 

(firs.) 

(%) 

(inches) 

Wet Days 

Dry Season: 

January 

840 

68 0 

7-6 

570 

2-8 

160 

February .. 

85 0 

67 0 

8-2 

520 

1-3 

110 

March 

860 

680 

8 0 

51 0 

1-3 

21 -0 

April 

87-0 

71 0 

81 

520 

1-9 

10 0 

May 

Wet Season 

880 

• 

► 

720 

7-8 

570 

5 0 

16 0 

June 

860 

72 0 

6-7 

63 0 

8-6 

22 0 

July 

860 

72 0 

7-2 

63 0 

8-6 

23 0 

August 

870 

71 0 

6-9 

63 0 

9-8 

23 0 

September.. 

870 

72 0 

6-5 

62 0 

7-9 

19 0 

October .. 

870 

720 

70 

62 0 

6-4 

17 0 

November.. 

860 

71-0 

70 

63 0 

7-8 

28-0 

December .. 

850 

70 0 

7-1 

62 0 

6-4 

200 




Total for year 

. 67-8 

2260 


3. URugucA, 

BAHIA 

Mean 

1937 

Temperature 

Max. Min. 

Shade Shade 

Ave. 

Hum. 

1941-50 

No. of 

Rainfall Wet Days 

January 

(degrees Fahr.) 

77-5 92-0 64-4 

(%) 

84-6 

(in.) 

4-25 

17 

February .. 

77-0 

91 -6 

66-2 

87-1 

4-52 

16 

March 

77-7 

94-0 

67-5 

84-2 

8-32 

22 

April 

75-2 

94-3 

64-4 

87-9 

9-95 

22 

May 

73-4 

95-4 

57-6 

85-3 

4-37 

18 

June 

70-7 

93-2 

59-4 

88-4 

10-22 

22 

July 

69-4 

88-0 

58-3 

88 0 

5-50 

21 

August 

70-3 

89-2 

55-4 

85-8 

4-61 

20 

September.. 

70-3 

89-6 

53-6 

86-0 

4-14 

18 

October 

74-8 

93-2 

60-8 

85-2 

5-87 

18 

November.. 

76-8 

93-0 

61 -9 

88-6 

8-69 

20 

December .. 

77-2 

94-3 

63-5 

85-2 

6-80 

19 




Total for year 

77-24 

233 







4. malaya (Rainfall) 


Meteorological Data 


25 


January .. 

February 

March 

April 

May 

June 

July 

August .. 
September 
October .. 
November 
December 


No. of years recorded 


Kuala 

Kuala 

Lumpur 

Trengganu 

58 

12 

(i average 

in inches) 

6-68 

11-77 

6-18 

7-51 

9-20 

10-72 

10-73 

5-35 

8-48 

5-21 

5-07 

5-36 

4-13 

5-34 

6 31 

5-61 

7-33 

6 31 

11-09 

16-22 

10-19 

31-98 

9-53 

23-40 


Total for year .. 94-92 134 -78 



Rabaul, new BRITAIN (25 years) 


January .. 

February 

March 

April 

May 

June 

July 

August .. 
September 
October .. 
November 
December 


Temperature 
Mean Mean Average 
Max. Min. Monthly 
(degrees Fa hr.) 

90-7 73-5 82 1 

88-9 73-8 81-3 

88- 4 73-4 80-9 

89- 3 74-0 81-6 

88-9 73-9 81-4 

88-5 73-8 81 1 

88-7 72-8 80-7 

88- 8 73-5 81-I 

89- 8 73-6 81-7 

90- 3 73-6 81 -9 

90-8 74-1 82-4 

90-4 73-4 81-9 


Rel. Humidity 
Mean Mean 


Max. 

Min. 

(%) 

(%) 

79-0 

72-0 

79-0 

72-0 

83-0 

75-0 

83-0 

72-0 

79-0 

72-0 

79-0 

72-0 

87-0 

72-0 

79-0 

72-0 

75-0 

72-0 

75-0 

68-0 

76-0 

76-0 

75-0 

72-0 


Total for year 


A verage 



No. of 

Mean 

Wet 

Rainfall 

Days 

(inches) 


14-13 

20-8 

10-44 

13-1 

9-42 

19-5 

9-80 

18-0 

5-17 

13-3 

3-62 

12-7 

5-59 

14-7 

4-40 

14-8 

3-65 

12-5 

5-25 

12-7 

6-30 

15-7 

10-19 

18-3 

87-96 

186-1 
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6. MULINU’U, WESTERN SAMOA 


Avge. 

Temperature Avge. no. of 



Mean 

Mean 

Mean 

Sun¬ 

Rel. 

Mean 

Wet 

Cloudi- Wind 

Month 

Monthly Max. Min. 
{degrees Fahr.) 

(a) 

shine 

{hours) 

Humidity Rainfall Days 
{%) {inches ) 

{a) 

ness Speed 
(8 ths) {mph) 

January .. 

79-51 

851 

75-2 

178-3 

84-7 

17-54 

23 

5-4 

5-8 

February. 

79-50 

85-3 

75-2 

163-0 

84-8 

14-94 

20 

5-2 

5-9 

March . 

79-53 

85-6 

75-0 

199-8 

84-8 

13-67 

21 

4-9 

5-2 

April 

79-43 

85-7 

74-8 

211-5 

84-5 

9-77 

18 

4-6 

5-3 

May 

78-98 

85-3 

74-1 

222-0 

83-9 

6-81 

15 

4-2 

6-0 

June 

78-37 

84-5 

73-0 

224-1 

82-3 

5-28 

12 

3-8 

7-7 

July 

77-77 

83-9 

72-5 

245-2 

81-7 

3-52 

12 

3-6 

8-1 

August . 

78-25 

84-1 

72-8 

249-7 

80-4 

3-77 

12 

3-6 

9-4 

September 

78-57 

84-4 

73-4 

235-5 

81-2 

5-45 

13 

4-0 

8-6 

October .. 

79-03 

84-8 

74-0 

229-2 

81 -5 

7-11 

15 

4-3 

8-1 

November 

79-12 

85-1 

73-1 

203-1 

82-8 

10-26 

19 

4-8 

6-4 

December 79-48 

Mean or Total: 

85-1 

74-8 

181-9 

83-5 

14-77 

21 

5-1 

6-4 

Year 

78-96 

84-9 

74-0 

2,543-3 

83-0 

112-89 

201 

4-5 

6-9 

Wet Season 79-40 

85-2 

74-6 

726-3 

84-0 

57-51 

83 

5-1 

61 

Dry Season 78-24 

84-2 

72-9 

954-5 

81 -4 

18-02 

49 

3-8 

8-5 

No. of years 62 

61 

61 

27 

29 

62 

61 

56 

19 


(a) 24-hourly values. 
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AIR TEMPERATURES FOR TYPICAL COCOA ZONES 
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Chapter IV 


SOILS IN RELATION TO NUTRITION 

OF COCOA 

Soil-aggregate and Crumb-structure — Clays—Sandy Soils — 
Alluvial Soils — Acidity, Alkalinity and Chemical Factors 
—Soil Depth—Forest Soils—Effects of Certain Trees on 
Character of Soil—Treatment of Forest in West Africa 
—Stage at which Cocoa can be Planted—Effects of Re¬ 
moving Forest and of Burning—Previous Land Use—Soil 
Fertility — Ghana's Forest Soils—Two Main Groups — Base 
Status of Ghana's Soils—Divalent Bases for Optimum Cocoa 
Production — Sickle-leaf of Cocoa and Magnesium Deficiency 
—Magnesium in Plants and Soils—Cultivation 

Cocoa, in common with most other plants, requires a soil which can 
be easily penetrated by its roots, is retentive of moisture during the 
dry season and permits the circulation of air and moisture. In other 
words, its physical qualities must be suitable for the development of 
a root system and for the provision of “root-room” for its growth. 
It follows, of course, that the necessary nutrients such as nitrogen, 
potassium, phosphorus, calcium and magnesium must be present in 
an available form. If the physical condition of the soil is right, the 
roots will utilize the available nutrients. A great proportion of the 
cocoa of the world is grown on structured clay-loams, loams and 
sandy loams. 

Many of the soils where cocoa grows well in West Africa are 
derived from igneous rocks such as granites, granodiorites and 
gneisses containing feldspars, black mica and hornblende. In the 
course of weathering they set free potassium, magnesium and cal¬ 
cium. In Trinidad, the most fertile soils are formed from marine 
sediments containing carbonate of lime and glauconite and are rich 
in potassium and phosphorus. In the isolated example in this 
island where the soil is derived from igneous basalt rock, the content 
is high in calcium and magnesium, but that of potash is low. Many, 
although not all, volcanic soils are particularly well supplied with 
nutrients. Most of the cocoa lands of the Pacific are of volcanic 
origin. 
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SOIL-AGGREGATE AND CRUMB-STRUCTURE 

Hardy emphasizes the importance of soil-aggregate and crumb- 
structure and goes on to say “Recent research has shown, first, that 
aggregates are formed by the alternate swelling and shrinking caused 
by repeated wetting and drying of a soil, and secondly, that the chief 
agent which cements, fixes and stabilizes the aggregates is the sticky 
mucilage produced by certain bacteria, and blue and green algae that 
live in decomposing organic matter. Thus the aggregate structure is 
best developed where humus is abundant. Doubtless other agents 
besides mucilage are concerned in the cementation and stabilization 
of soil structure; for example, hydrous ferric oxide and calcium car¬ 
bonate. Ferric oxide is mainly responsible for red and brown colours 
in aggregated soils, and calcium carbonate (when combined with 
humus) for the jet black colour of the highly aggregated soils known 
as Rendzina or ‘humus-carbonate’ soils which develop over marl- 
stones and calcareous clays.” 

The commonest kind of aggregate, usually called “soil-crumb,” 
ranges in size from 5 mm. to less than 0-2 mm., and may contain 
from 5 per cent to as much as 20 per cent of humus as well as a 
correspondingly high content of nitrogen. In addition, it usually 
has available phosphate and potash, and also a high C/N ratio, 
mostly over 12, implying a supply of organic matter capable of 
supporting a large population of soil bacteria. 

CLAYS 

The physical qualities desirable for cocoa are to be found in clay- 
loams. The stable aggregates of sand, silt and clay which go to make 
up this type of soil provide the medium for the retention of moisture 
in the dry season, while allowing the circulation of moisture and 
air. 

The heavier clays, including those consisting of excessive amounts 
of clay minerals, such as the montmorillonite group, are as a whole 
unsuited to cocoa. On the other hand, where clay minerals of the 
montmorillonite group are present within certain limits, they induce 
extensive cracking of the soil during the dry season and the cracks 
persist into the following wet season, thus providing the means for 
root, moisture and air movement. Clays with a high proportion of 
kaolinite do not crack so readily, and where there is a high water- 
table the process of cracking in the heavier clays may be insufficient 
to allow of root development. Soils consisting of considerable pro¬ 
portions of hydrous oxides of iron and aluminium are non-plastic, 
do not crack and do not retain moisture. 
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SANDY SOILS 

Of the lighter soils, sandy loams, where the sand is aggregated with 
day and si It, are to be preferred. Sandy soils with sand particles of 

onnH h t •?“: dua ^^ be satisfactory in conjunction with a 
f® i < ? lstnbut,on of rainfall or a high water-table. Coarse-grained 
sands have little capacity for retaining moisture, while fine-framed 
sands and soils consisting of mixtures of coarse-grained sand fnd silt 

tmnZT!!? . UnSU,table ' as the y are liable to become compacted and 
impede root penetration. Sandy soils as a whole constitute a certain 
risk where there is the possibility of a prolonged dry season and2s 
risk is of course greater where the land is on a hillside or s^ep slone 
and ,s therefore more readily drained. It cannot be expected tha! 

- c, r oaras and 

considered. PP y 8 ertll,zers at an early stage would have to be 

alluvial soils 

dep A oS a, of^™“L 0 oftow fl a ow de ^ ,0ams ’ es P edall > 

some have ^ ^ ferti,e ’ and 

surface layer and W ft fn t - Which enriches the 

a plantation may be flooded for hl f* fer | xlit y- T he fact that 
water does not adversely affect the trees'^ WCCkS by sIow - mov ing 

p , .. . ACIDITY ’ alkalinity and chemical factors 

nutrients. T^betlc?^ are “***% low in 

and upwards, the most fertile h»i n f ? J ave a reactl on of pH 5 -5 
Cocoa is grown on soik of upf o^pH^ -5^ but °^ H ** t0 7 ‘ 

times associated with an excess^of rj ,iI- bUt a kal,ne soll s are some- 
give rise to chlorosis in the leaf of the l “ m carbonate » which may 
of lime-induced chlorosis savs “ ft Uce * t Havord . speaking 
Tnmdad that, even where young seedliff S , shown recently in 
house in soil containing a Ififh^™ 8 V Were P lanted in thegreen- 
possible to cure it simpl/by the^pnlicmio 8< V ° f llme ’ il has been 
as a surface layer or nfixed In withThe so ?’~'P,™ matter, either 
itself contains 30 per cent of lime As a matt Cn r lf the or g anic matter 
it is apparent that in the ‘chocolate’ soil °^ g ^ neraI observation 
chlorosis or ‘iron deficiency’ is onlv Tru V dad the hme-induced 
“on ,o , ilne> . homge where there is, i„ addi . 

foUowmg^rovis^Tli^J™?^ AgricUllure ’ Trinidad, gives the 
cocoa soiis based on ^ors t 
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In the top 6” of soil 
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SOIL DEPTH 

The lateral root system of the cocoa tree radiates outwards for ten 
or twenty feet, and on the main roots there are fine fibrous rootlets 
that grow upwards and explore the surface layer for nutrients and 
moisture. The tap-root with its fine terminals, in its turn, explores 
the lower layers of the sub-soil for a depth of from five to ten feet. 
While the cocoa tree may thrive for a time on a thin surface layer of 
humus, its eventual survival and profitable growth will depend on 
the continual replenishment of humus. Where the tap-root can reach 
decomposing rock of the kind which yields the desired nutrients, the 
profitable growth of the tree will be ensured for long periods. The 
importance of soil depth is to some degree related to the supply of 
nutrients in the surface layers. There are extreme cases where cocoa 
has been grown quite successfully on a rich surface layer of less than 
two feet overlying heavy clay, in conditions of adequate and well- 
distributed rainfall. On the other hand it is common to see cocoa 
dying off where the tap-root has met with rock, hardpan, or an 
impermeable layer of clay. It is rarely and only under special con¬ 
ditions that cocoa can be grown on a shallow soil. 

FOREST SOILS 

The height of tropical forests in different parts of the world varies 
enormously—from a high proportion of tall trees of 150 feet or over 
to a mixture of trees with storeys at various lower levels, and finally 
with the undergrowth. Cocoa is mainly planted on land which has 
at some stage been in forest, and some is planted in partly thinned 
forest. The effect of the forest on the soil and the changes which 
take place at various stages after the forest has been removed are of 
the greatest importance in the culture of cocoa. 

The forest growth extracts nutrients from the soil and rocks, and 
deposits them on the ground in the form of leaves and fallen branches 
and thus enriches the surface layer with organic matter essential for 
the growth of cocoa. While the forest is present, this process goes 
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Stage at which Cocoa can be Planted 

on continuously. When the forest is removed, exposure causes the 
rapid decomposition of organic matter, and its dissipation is acceler¬ 
ated by various forms of erosion. Even where the removal of the 
forest is immediately succeeded by the planting of cocoa, there may 
be a serious loss of the humus accumulated when the land was under 
forest, and the store of organic matter may become progressively 
less, unless there is provision of adequate ground cover and shade 
trees. The main root system of the cocoa plant operates chiefly in 
the surface layer, particularly where there is a poor sub-soil. In these 
conditions the cocoa plant makes little or no addition to the nutrients 
in the upper horizon. It therefore follows that it is vital to take steps 
to preserve the organic matter in near-marginal or marginal soils. 


EFFECTS OF CERTAIN TREES ON THE CHARACTER OF THE SOIL 

Charter, in emphasizing the importance of vegetation in soil 
genesis, instances the differences to be found in a forest of mixed 
hardwood and pine forests in America. “The soil under the pine 
trees was different from the soil under the broad-leaved trees 
Under each pine tree a podsol had developed, which is extremely 
t ‘ S charactenz ' d fe y a" almost white, sandy top soil over- 
lo! w vT™’ lr °n' stalne d sub-soil. Under the broad-leaved trees 

so acid " T SUrfaCe and ,he ? were not n^ly 

so acid. He goes on to say that in West Africa there are several 

trees which can affect the soil character, and these include Chloro- 

phora excelsa and Afzelia a/ricana, which collect vast quantities of 

calcium carbonate. Sarcocephalus spp. also collect variou sub 

ry^eveVvS. that ^ a ““and *. ^pattern 


TREATMENT OF THE FOREST IN WEST AFRICA 

treating^^^fbrest^'before ° f 

situ, and plant his cocoa with 3 nu ™ ber of lar g e trees in 

cocoa! he ^usually cut-out aVth^t 56 

stage at which cocoa can be planted 
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forest. Where the land has been farmed for food crops subsequent 
to the removal of the cocoa, the process of re-establishing it is ren¬ 
dered even more difficult. Charter has shown how the type of flora 
which grows at a certain stage of recovery of the land after the forest 
has been removed may be a guide as to when cocoa may be planted. 
Grass is normally followed by shrubs, then secondary bush and 
finally the forest trees assert themselves. The plants that grow in 
full sunlight have light yellowish-green leaves, but the shade- 
enduring plants, such as Rhinoria, have relatively dark-green leaves, 
and it is when these shade-enduring plants appear that the land is 
ready for planting cocoa. The indication is that cocoa is incapable 
of competing with the light-loving plants, apart from the fact that 
the environment is unsuitable. 


EFFECTS OF REMOVING THE FOREST AND OF BURNING 

There is still a great deal to be learned about the various ways in 
which the soil is affected by the removal of the forest and the meas¬ 
ures which can be adopted to restore the land to the condition where 
it is again suitable for growing cocoa. Hardy quotes a case where 
the clear-felling of forest led to a reduction of the moisture content 
(in a loose sandy soil) in the top six inches by two-thirds in the dry 
season. The organic content of the soil down to twenty-four inches 
diminished considerably and there was rapid loss of crumb structure. 

Where the felling of the forest is accompanied by burning, plant- 
ash temporarily raises the mineral content of the soil and greatly 
reduces its acidity. It may lower the nitrogen content and may also 
have a deleterious effect on the beneficial micro-organisms and fungi 
which inhabit the soil, these being gradually replaced by harmful 
bacteria. 

Regarding the effect on the base status of the soil. Charter says 
“Destruction of the forest means loss of organic matter and conse¬ 
quent loss of bases and other plant nutrients combined with it. Not 
only is there this absolute loss in nutrients but it would appear 
probable that there would be changes in the proportions in which 
the nutrients, particularly bases, are present.” 

He emphasizes that where forest has been converted to farmland, 
the divalent bases, calcium and magnesium, tend to be depleted and 
potassium to increase in amount. Under subsistence farming cal¬ 
cium and magnesium decrease proportionately to the increase in 
potassium. Excess potassium can make it difficult for the plant to 
absorb magnesium, of which cocoa has considerable need. Grasses 
generally show a preponderance of the monovalent bases, potassium 
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Soil Fertility 

and sodium, over divalent bases. Where grass grows, the potassium 
content will build up and calcium and magnesium will be found in 
decreasing amounts. 

While something is known of the unfavourable effects of the re¬ 
moval of the forest and the subsequent progressive deterioration that 
occurs in the soil, much less is known about the measures that might 
be taken to restore such soils to a good level of fertility. It is accepted 
that most soils could be restored to the desired level if they were left 
sufficiently long to revert to high forest, but this means of “ fallow¬ 
ing” would normally be uneconomic and it is urgent that other ways 
of resuscitating worn-out land be found. 


PREVIOUS LAND USE 

Adams and McKelvie (1955), in their discussion of Ghana soils, 
say “The suitability of a soil for cocoa depends on the soil type and 
the soil phase. The soil type is conditioned by geology and topo¬ 
graphy, and soil phase often by the previous history of land use on 
the site. 

They go on to assert that previous land use is of particular im- 
portance in cocoa establishment. “At present, there are large areas 
of the Eastern Province where the soil type is ideal for cocoa, but is 

^nnH UDSU K ab L e the Iand is either food - fa rmed or under poor 
Snsfead JSfn .V possi “ e r to estabIish cocoa on such soils 
pood hnt’ ni’ d i °? certam favoured patches the growth may be 

obmi’ned on f nCra the .S r ° wth is P° or ^ comparison with that 

^coa-growing under these secondary 

T IOns bas not y et been shown to respond to mineral fertilizers* 
and research is in progress to solve this problem.” ’ 

SOIL FERTILITY 

probl f ms confront the scientists and growers of 
when / ft ’ namel >'> the maintenance of fertility in the soil 
It o ^h: r c?ndhio been H em T d ’ and thC "habilitatJoV d graded 
Rowing cocoa e T y again be Profitably for 

n i, srs*;, 1 ' ""•“.i™ t»*5 .!• b. um 

helped by incorporating into C ° Uld - be Sreatly 

fr^ent wSdbrikrXch apart^f ^ ° f f^^or^OT 
shade, wonid heip 
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circulation of nutrients. This, together with the application of 
mineral manures and the prevention of erosion, may prove to be the 
answer. The use of shade trees is, of course, a practice of long 
standing, but the best trees to use and the density at which they 
should be planted, particularly in conjunction with a system of 
manuring, are things yet to be learned. 

The rehabilitation of degraded soil is an issue of much greater 
complexity. It is possible that the establishment of certain trees 
which have a special virtue in the restoration of the soil to a con¬ 
dition suitable for cocoa, together with the use of mineral manures, 
may shorten the time in which the land may be brought back to 
profitable use. In Western Samoa it is common to plant Erythrina 
lithosperma (“Dadap”) cuttings in the land before planting cocoa, 
and the Dadap is allowed to grow until smothered out by the cocoa 
canopy. It is claimed that this practice is beneficial to the land. 

Whatever the answers to these intricate problems may be, it is 
certain that they will vary under different conditions of soil and 
climate, and that they offer unlimited scope for research. 


GHANA’S FOREST SOILS 

In a paper entitled “The Nutrient Status of Gold Coast Forest 
Soils” read at the Cocoa Conference in London in 1955, the late 
C. F. Charter presented valuable facts about the soils of that country 
and information which is of significance in relation to cocoa soils in 
general. In view of the importance of Ghana’s cocoa production, 
some of the salient points of his paper are enumerated below. 


TWO MAIN GROUPS 

There are two main groups: the ochrosols and the oxysols. “The 
ochrosols consist of red to yellowish-brown kaolinitic earths with 
characteristic reaction profiles: the surface horizons vary from 
moderately acid to mildly alkaline, and lower horizons become 
increasingly acid. The surface 2 to 3 inches are frequently slightly 
calcareous. 

“These soils are developed over a variety of parent materials, 
including the weathering products of granodiorites, biotic schists, 
phyllites, epidiorites, etc., both accumulated in place (residual soils) 
and transported as terrestrial deposits (peneplane drift soils). Under 
forest, ochrosols occur under rainfalls varying from 40-50 inches to 
70-80 inches. It is on this great soil group that the vast majority of 
cocoa is produced. 
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The Oxysols 

“The oxysols typically consist of pale orange-coloured kaolinitic 
earths, though red examples also occur. This great soil group also 
displays a characteristic reaction profile: the surface horizon is 
highly to very highly acid and the lower horizons are only slightly less 
acid. Oxysols are developed in parent materials similar to ochrosols 
but typically under rainfalls exceeding 70-80 inches and, outside 
the Gold Coast, up to 200 inches or more; where they occur under 
lower rainfalls they have been derived from the weathering products 
of highly siliceous rocks, i.e. quartzites, or from those pyritiferous 
sediments which set free sulphuric acid during decomposition. The 
soils of this great soil group produce little cocoa. Fortunately they 
are not extensive in the Gold Coast but elsewhere in the very humid 
forest regions of the tropics they are extremely widespread. 

“The distinguishing characteristic of oxysols, apart from colour, is 
the fact that they are inhabited by distinctive indicator plants such as 

Lycopodium spp., Gleichenia spp., abundance of Melastomaceae and 
blue-fruited Rubiaceae." 


The Ochrosols 

Ochrosols are abundantly supplied with the divalent bases, cal¬ 
cium and magnesium; dilute-acid-soluble phosphorus is present in 
greater amounts than in the oxysols. 

tj \ S considered that modal oxysols have surface reaction of 
c u- and modal ochrosols surface reactions between 5 and 6 
Such inter-grades are abundant in the Gold Coast forest zone and 

observation suggests that they are far less productive for cocoa than 
me ochrosols proper. 

“Ochrosols with reactions above pH 7 inter-grade with calci- 
morphic soils, derived from basic or calcareous rocks which are 
abundantly supplied with divalent bases and approach neutrality 
throughout the profile. Calcimorphic soils are excellent producers 

^ in the Go,d coast “ d 


the BASE STATUS OF GHANA’S SOILS 
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It is assumed that cocoa was planted on a wide range of soils in 
Ghana but that it has survived to a greater extent on soils approach¬ 
ing neutrality or slight alkalinity than on those which were more 
acid or highly acid. Charter considers that the 6 per cent or so of 
the cocoa planted on soils between pH 4-5 and 5 is giving a poor 
yield; that the 20 per cent growing on soils of pH 5-5 to 6 gives a 
significantly better yield, but that the 35 per cent on soils with a 
reaction of pH 6-5 to 7 gives an outstandingly good yield. 

DIVALENT BASES, PARTICULARLY MAGNESIUM, NEEDED FOR OPTIMUM 

COCOA PRODUCTION 

“The evidence to hand suggests that the divalent bases, calcium 
and magnesium, and particularly the latter, play a highly significant 
role in the nutrition of cocoa, and for soils to produce cocoa satis¬ 
factorily these bases must be present in adequate amounts. 

“It is also evident from observation that the best cocoa soils in the 
Gold Coast are those developed from rocks rich in ferromagnesian 
minerals such as hornblende (the hornblende granodiorite of 
W.A.C.R.I. and the epidiorites of the upper Tano basin) and 
biotite and magnesium mica (the biotite schists of the Ayensu basin 
and the biotite granodiorite of the Upper Densu basin).’’ 

SICKLE-LEAF OF COCOA AND MAGNESIUM DEFICIENCY 

The foliar distortion of the leaf known as “sickle-leaf” has been 
observed in Ghana and is a common occurrence on certain estates 
in Ceylon. In Ghana it has been attributed to excess of potash 
arising from the accumulation of cocoa pods discarded around the 
trees, the pods being rich in potassium. “However,” says Charter, 
“this evidence of nutritional disorder occurs apart from such con¬ 
tamination. Sickle-leaf has been proved to be brought about by 
zinc deficiency and the condition can be remedied by spraying with 
zinc solutions. Such a deficiency, however, may be an induced one. 
Thus Camp, discussing magnesium deficiency on the sandy citrus 
soils of Florida, states that this can affect the health of the roots and 
can result in an inadequate uptake of zinc and copper from soils 
with a satisfactory supply of these elements; zinc deficiency symp¬ 
toms, however, disappear after applications of magnesium. In this 
connection it is of considerable interest to note that sickle-leaf, under 
the name of magnesium deficiency, has been cured in Ceylon by 
the application of dolomitic, i.e., magnesium limestone, it having 
been observed that cocoa did not exhibit sickle-leaf on soils developed 
over limestone.” 
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Potassium and magnesium exhibit an “antagonism,” excess of the 
former depressing the uptake of the latter. Magnesium is increas¬ 
ingly lost as the soils become increasingly acid, but the potassium 
content remains the same. “A similar trend occurs when forest is 
replaced by bush. It is probable, therefore, that unfavourable ratios 
of magnesium to potassium may occur under both conditions.” 


MAGNESIUM IN PLANTS AND SOILS 

The vital importance of this mineral to the cocoa plant is especially 
emphasized by Charter. He states: “Magnesium is an essential 
component of chlorophyll, the green colouring matter of plants 
essential in the synthesis of carbohydrates and hence in the produc- 
uon of fats.” It is concerned in fat production and is always charac¬ 
teristically high in oil seeds, including cocoa. “It is concerned in 
the transport of phosphorus into and within the plant, magnesium 
materials often being mixed with phosphorus fertilizers with this end 
in view n !s most abundant until the fruiting stage, in the growing 

pomts °f Plants and must therefore play an important role in early 
growth and establishment.” ^ 


The cultivation of cocoa has not been generally practised except 
m Ceylon and Grenada. The extent to which cocoa in general wo7d 
benefit from a greater or lesser degree of cultivation has yet To be 
discovered. Experiments in this connection now being carried out 

Nevertheless, there is no douht th*Fth VC u 01 } dltlons for the plant, 
soils on which cocoa is grown would condition of some 

if this could be achiev^wiZm uTh,,. J mpr ° Ved Wlth cultivat *°n. 
Certain Cay soils oo^L" tfeoVulLT 
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ANALYTICAL DATA FOR NINE-INCH SURFACE SAMPLES OF OCHROSOLS UNDER FIVE VEGETATION TYPES 
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could be continued after the plantation has been established, remains 
to be proved. The benefits of judicious cultivation might more than 
offset the damage caused to the roots. 

In those rather rare cases where cocoa is planted on a rich, deep 
alluvial soil, it is possible to apply mechanization to most operations 
of clearing the forest, including bulldozing the tree stems and stumps 
into wind-rows, and still have good soil on the surface in which to 
plant the cocoa. In this case nutrients are available for the cocoa for 
a considerable depth, so the matter of turning up the subsoil is of 
less consequence. 

In its issue of February 1958, the agricultural periodical World 
Crops had some interesting observations to make on cultivation. 
Tea estates in Assam were deep-hoed to a depth of 9 inches each 
year, and the aim was to light-hoe each month and to trench between 
the rows of tea every three years to a depth of 18 inches. Experi¬ 
ments in tea cultivation demonstrated that the less the soil was 
disturbed the bigger the crop, and that what was of greatest im¬ 
portance was the control of weeds which had an adverse effect on 
the tea bushes. Eventually cultivation was cut down to shallow 
hoeing in the spring, and the tea bushes were pruned to give the 
maximum spread for the purpose of shading the ground and thus 
helping to control weed growth. These elementary discoveries in 
tea culture greatly reduced the cultivation costs. Apart from re¬ 
ducing costs and increasing the crop, the drastic reduction in cul¬ 
tivation of the tea estates reduced the tendency to soil erosion. 

It is reasonable to conclude that what holds good for tea in 
regard to cultivation applies also to cocoa, and unless there is ample 
evidence to show that cocoa fields benefit from a degree of cultiva¬ 
tion in certain soils, there would seem to be no advantage in em¬ 
barking on a programme which might in fact reduce the cropping 
capacity. 
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Chapter V 

THE MANURING OF COCOA 

Difficulty of Arriving at a Manuring Formula—Addition of 
Organic Matter—Mineral Manures—Work on Manuring at 
the Imperial College of Tropical Agriculture—Some Manur¬ 
ing Practices—Recent Work on Manuring 


DIFFICULTY OF ARRIVING AT A MANURING FORMULA 

Various experiments and trials have been carried out in manuring 
es P eciall y at the Imperial College, Trinidad, but there is af 
y t no formula to guide the planter in this connection. The experi- 

tTo S nr 0 oblem T * ^ ^ g ° a lon g wa ? towards solving 
those problems of manuring which up to the present have been so 

obscure. It would appear that the matter of applying manures to 

mosTot? 8 ° t ° d adV , antage is much raore complicated than it is with 
most other tropical crops. Some of the difficulties have been due to 

output of cocoa could be greatly increased if th* certa * n that th e 
the trees to advantage winderMod V V™ ofmanurin g 

not intended so much to give specific etidlnZ ^ o11 ° W1i1 S notes are 
cocoa as to review the subject 8 °" the raanu ™g of 


addition of organic matter 
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available, can be applied. On deromn’J • d ba ® asse » where readily 
the physical condition of the soil and add 8 * th ? e shou,d improve 
Pen manure has been much used n r a ‘° the nutrient supply, 
in the past. I, has been applied by dicing a " d Trin ‘ dad 

it in trenches between the trees and^nm V tfa e ground, placing 
tethering cattie in the pianS^rT^^jf 
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mulch in that it is probably of more use in improving the structure 
of the surface soil than as a supplier of nutrients. It may also 
contain trace elements. Compost is sometimes used in the same way 
as pen manure. It must be admitted that the application of organic 
manures in the above forms is only possible in a few places in a few 
countries. The cost of labour is so high that unless such materials 
are readily available it would be impracticable to use them. 

A word of caution is necessary in the matter of applying quantities 
of unrotted material to the soil. In the process of rotting, such 
material may absorb the available nitrogen as well as minor ele¬ 
ments and compete with the cocoa for soil oxygen. It would prob¬ 
ably be unwise to apply a very large amount of undecomposed 
organic matter to the soil at one time, and it may be desirable to 
apply a certain amount of mineral manure containing nitrogen as 
well so that there is enough to meet the needs both of the cocoa tree 
and of the decomposing vegetable matter. 

A cheaper method of adding organic matter to the soil before 
planting (until the canopy of the cocoa trees has developed to the 
stage where it completely shades the ground) is by growing legumin¬ 
ous trees or shrubs such as Erythrina lithosperma , Gliricidia, Cro- 
talaria, Tephrosia or similar plants, and cutting them back in order 
to supply material for mulch. 

MINERAL MANURES 

Charter, in stressing the need for experimental work on the 
manuring of cocoa, says: “ Besides five or more trace elements 
needed in minute proportions, there are six primary elements 
obtained from the soil in relatively large quantities that are essential 
to plant growth: these are nitrogen, phosphorus, potassium, cal¬ 
cium, magnesium and sulphur.” He emphasized the desirability of 
not overlooking sulphur in manuring trials, and underlined the im¬ 
portance of calcium, magnesium and potassium, especially mag¬ 
nesium, in the nutrition of cocoa. 


WORK ON MANURING AT THE IMPERIAL COLLEGB OF TROPICAL 

AGRICULTURE 

The following is derived from unpublished notes on work done 
by the staff of the Soils Department, Imperial College. 

The Imperial College of Tropical Agriculture, Trinidad, has carried 
out a number of manuring experiments and more have recently been 
started. The experiments are taking place on River Estate, where the 
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III. VEGETATIVE PROPAGATION : A stem-cutting prepared for 
upper surface of the stem has begun to turn brown. 
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V. TEMPORARY SHADE FOR YOUNG COCOA : Young clonal trees growing 
under the temporary shade of bananas. 
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VII. EFFECT OF SHADE : These two-and-a-half-year-old trees form 
part of an experiment in shading and fertilizing in Trinidad. The small 
tree has grown without shade. Those in the background were shaded 
until two years old, when the shade was removed. 



VIII. DRYING COCOA : A drying shed with movable roof, typical of plantation 
equipment in Trinidad. The shed on the right holds the sweat-boxes. 
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X. COCOA GROWING UNDER FOREST SHADE IN THE GOLD COAST : 
cocoa trees are in the centre and background of the photograph. 
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soil is mainly alluvial fine sandy loam and drainage varies from good 
to impeded. 

The findings are that nitrogen is most needed in the absence of 
shade, and this particularly applies to young cocoa before overhead 
shade has been established. The need for nitrogen may diminish as 
the tree develops its canopy. Phosphorus balances nitrogen uptake 
and stimulates bacterial multiplication, and it is possible that 
bacteria have an important function in root development. Potassium 
is necessary in shade; it “conditions” the plant against diseases, and 
a deficiency of this mineral would appear to be an important factor 
in cherelle wilt. 

No reliable evidence has yet been deduced from experimental 
work in Trinidad as to the amounts or proportions of mineral 
manures required for cocoa at different ages, but it is presumed that 
these would necessarily vary with the soil. The trace elements listed 
are iron, magnesium, manganese, zinc, copper, molybdenum and 
boron; some others may be desirable. 

As a guide to the amount of mineral nutrients removed by a cocoa 
crop, the following example is given. A crop of 500 lb. of dry cocoa 
per acre removes: 


Nitrogen 12 lb. N = Sulphate of Ammonia (approx.) 60 lb. 
Phosphorus 6 lb. P 2 O s = Superphosphate 30 lb. 

Potassium 9\ lb. K z O = Muriate of Potash (KC1) 20 lb. 

Manurial Experiments at the Imperial College of Tropical Agricul¬ 
ture. It was found that certain manures gave a significant and favour¬ 
able response and that the poorer clones gave a relatively greater 
response than the better clones. * ° 

Field 20: Shade, Spacing and Fertilizer Experiment. In a field of 

dilmed^n ’ C ° nC 1C l 1 W3S Used and the experiment was 
design^ to compare the effects of (1) shade versus no shade; (2) 

wide versus close spacing; (3) fertilizers versus no fertilizers. The 
ammnn- ^ "Tu 12 by i 2 ft * and 8 b ? 8 ft The fertilizers applied were 

cSZ S a U nd the c^W sa P er P hos P hate (P). and potassium 
cmorme (K), and the combinations were O, N, P, K, NP NK PK 

. ’ ei & t fee^ments in all. The quantities used were 'arbitrary' 
ancTvaried according to the age of the tree arbitrary, 

mOc e to e ber e m e 9 nt * 1949 and fertilizers were first applied 

shadc E ^ ““ **« of 
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cocoa per acre, and the best yielding plots, receiving NP treatment, 
gave nearly 600 lb. per acre. Fertilizer responses were accompanied 
by a smaller weight of beans per pod but more pods per tree. The 
increase from the closely spaced trees over the more widely spaced 
was due entirely to the greater number of trees per acre, not to in¬ 
creased yields per tree. 

In 1953-4 and 1954—5 the close-spaced plots gave a significantly 
higher yield than the wide-spaced plots, but the latter yielded far 
more per tree. Nitrogen fertilizers significantly increased yields, but 
the increment was far greater in unshaded and wide-spaced plots. 
Phosphate fertilizer gave a small but non-significant increase in 
1953-4, and a still smaller increase in 1954-5. There was a tendency 
for potassium fertilizer to reduce yields in the absence of nitrogen 
and shade, but to maintain or slightly increase yields in the presence 
of these factors. The mean yields were: 1953-4, 408 lb. dry cocoa 
per acre; 1954-5, 1,028 lb. per acre. The best treatments yielded 
over 500 lb. per acre in 1953-4, and over 1,400 lb. per acre in 1954-5. 

Field 6: Leguminous and Non-Leguminous Shade Experiment. This 
is a field of three acres where four clones were tested, ICS 1,8, 16 and 
98. The leguminous shade trees were Immortelle and Peltophorum 
ferruginum , and the non-leguminous shade trees were pink poui ( Tabe - 
buia pentaphylla ; Bignoniaceae) and Theobroma bicolor (Stercu- 
liaceae). The spacing of the cocoa trees was 12 by 12 ft., and the 
shade trees 24 by 24 ft., to be thinned later to 34 by 34 ft. Phosphate 
and potash were applied throughout, but a nitrogen fertilizer treat¬ 
ment versus no nitrogen was superimposed. Planting was begun in 
August 1950, and fertilizers were first applied in June 1951, and 
repeated in May each year. 

It is noted that in the earlier experiments with fertilizers on shaded 
(Immortelle) and unshaded cocoa on River Estate, response to 
nitrogenous fertilizers, such as ammonium sulphate, was obtained 
only with unshaded cocoa, and that the yields of shaded cocoa were 
depressed by nitrogenous fertilizers. 

By 1954-5 it was found that the best yields were obtained under 
Immortelle and Peltophorum, being better than under non-legumin¬ 
ous trees. Nitrogen fertilizer increased the yield under Peltophorum 
and pink poui, but not under Immortelle or Theobroma bicolor. The 
mean yield was 549 lb., but ICS 1 gave 1,058 lb. dry cocoa per acre. 

Field 23A: Mulching Experiment. In this experiment, which incor¬ 
porates 32 mulch-treatment combinations, the first application was 
in the dry season of 1951. The amount of grass-mulch applied 
annually was about 25 tons per acre, and of bagasse, 19 tons per 
acre. A mixture of equal amounts of grass and pen manure was 
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applied in trenches at the rate of 36 tons per acre, but this will only 
be applied every four years. 

By 1954-5, cut bush mulch gave the best yields and trench mulch¬ 
ing was better than the controls, but bagasse mulch showed no 
increase. The mean yield was 963 lb. of dry cocoa per acre, bush 
mulched plots gave 1,246 lb. per acre, and the controls 749. 

In a Tillage and Manurial Experiment , begun in September 1950, 
Field 22B, with three tillage and four manurial treatments, the results 
of 1953-4-5 were that yields showed a large variation between 
duplicate plots, but with ICS 1, non-cultivated plots were better than 
those cultivated. There was a variable response to fertilizers, but 
mulches gave a large increase in the absence of cultivation. 

All the experiments described and others initiated more recently 
are still at an early stage, and the most interesting and useful results 

are yet to come. No information is available from Trinidad regard¬ 
ing the response of cocoa to magnesium. 


SOME MANURING PRACTICES 

It had been standard practice when planting cocoa in Trinidad 

from A?? l°h lg 3 S° le 16 in - h y 16 in * and 8 in - deep, the soil 
[ J he hole bem g thoroughly mixed with the contents of a 16 lb 

basket of pen manure. The plant is then set in the hole with a ball 

of earth attached. The mixture of soil and manure is packed round 

!t A Hd I? 6 SUr P lus material piled around the stem. 

As there is less pen manure now than formerly, the Cocoa Board 

C —^ the *PP Iicati °n of mineral manures to seedlingsandlo 
y ung cocoa and suggests alternate doses of A lb NPK 

by i lb. of sulphate of ammonia per plant eve^eighTwe^s So^ 
!oTo iOa?V° ^ Seedlin S s of three to 7 fair months NPK 
apphclnVS sulphate^of^nnnoiha.^ This 

h^dr^ings 6 ofmteSmfnure for’ 

NPr&ol 1 ^ fo U Te?W a ? b Per f tree * W, 

August. y ea b y 1 Ih. Of Similar NPK in 

applied 400 l^^NPlT^nu^Hv^for 111 ^ yearS and some esta tes 
third year by 360 lb of the samp h tW ° f °Uowed in the 

farmyard mUe^oterw?s"I’ 0 T "V" ** h 12 ,0ns ° f 
annuaUy for two years followed hv ft, 3 ° Ib ; r f nuneral manure 
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grown there. At one time it imported pen manure from Venezuela. 
Where sickle-leaf was prevalent in Ceylon, the condition has been 
improved by the addition of dolomitic, e.g. magnesian lime. Simi¬ 
larly, in Eastern Malaya, where the soil is acid, and on analysis 
showed a lack of phosphates, the addition of magnesium lime and 
Christmas Island rock phosphate brought about a remarkable 
improvement. 

On the estates of the Huileries du Congo Beige there have been 
interesting results in the manuring of cocoa. The application of 
equal parts of sulphate of potash, magnesium sulphate and super¬ 
phosphate, with the addition of one per cent trace element mixture of 
copper, manganese, boron, zinc and molybdenum, gave a marked 
increase in yield under the conditions obtaining at Yaligimba, where 
the manurial trial was carried out. 


RECENT WORK ON MANURING 

In a paper presented at the Cocoa Conference in London in 1957, 
Professor M. V. Hom£s discussed the results of manurial trials 
undertaken at I.N.E.A.C. in the Belgian Congo. Large concrete 
tanks containing washed sand were used for a series of experiments, 
and each plant received a complete nutrient mixture containing 
nitrogen, sulphur, phosphorus, potassium, calcium and magnesium, 
as well as some other minor elements. Superimposed on this basic 
dressing different batches of plants received additional quantities of 
the first three elements (N, S and P) in combination with additional 
amounts of each of the second group of three elements (K, Ca 
and Mg). 

Nine combinations were thus possible, which could be dis¬ 
tinguished according to the dominant elements within each of the 
two groups, namely: nitrogen-potassium, nitrogen-calcium, nitrogen- 
magnesium, sulphur-potassium, sulphur-calcium, sulphur-mag¬ 
nesium, phosphorus-potassium, phosphorus-calcium, and phos¬ 
phorus-magnesium. To these nine treatments, a control was added 
in order to ascertain the natural fertility of this poor sand, a fertility 
which, while very low, was clearly not absolutely non-existent. 

Since the experiments have so far been in operation for only one 
year, the results apply to the first stage of development of the plant. 
The manured plants, with one exception, made much better growth 
than the control; in certain cases the growth was ten times greater. 
The following table gives the dry weight of the aerial part of the 
plant expressed in grammes: 
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Con¬ 

trol 


Treatment 


PMg 


11-5 51*5 89-3 


62 0 97-5 70 


This table makes it clear that one of the treatments (PK) gives 
a lower yield than the control, and this emphasizes the fact that an 
unbalanced fertilizer can be extremely harmful. Although this 
fertilizer included all the elements necessary for life, the example 
demonstrates that the relative proportions of the elements in a fer¬ 
tilizer formula are of the greatest importance. 

The table, moreover, includes a sufficient number of combina¬ 
tions to permit a simple empirical comparison, which shows that the 
treatment NMg is markedly superior to the others. Again, taking 
into account the fact that this formula contains all the other ele¬ 


ments and not only the two predominant ones, we may conclude that 
the cocoa tree responds favourably to a fertilizer formula in which 
nitrogen is the dominant anion and magnesium the dominant cation. 

After some further discussion Homes goes on to say: “ However, 
we may note from the data given that the dominance of potassium 
in relation to the other cations is always unfavourable in the case of 
the cocoa tree. Whatever the dominant anion, i.e., whatever the 
anion formula, the treatments which contain additional K are always 
inferior in their effect to the corresponding treatments in which 
increased amounts of the other cations are applied. It appears also 
that this unfavourable effect of an excess potassium can be particu¬ 
larly serious when it is associated with an excess of phosphorus. 

“These two facts already afford some guidance to the cultivator 
in search of a fertilizer. Moreover, if one groups the treatments 
according to their anion dominance, one sees that nitrogen domin¬ 
ance is markedly favourable to the development of the plant. 

“Once again, a knowledge of soil types which might guide the cul¬ 
tivator on the nitrogen available to the plant would be a valuable 
indication as regards the choice of soil in the first place and the 
modification of the fertilizer programme in the second. Further¬ 
more, it can be said that, in general, the foliar symptoms, which are 
currently used to ascertain the general state of health of the plant 
are m perfect agreement with the weight records. In fact, the most 

marked pathological symptoms appear in the treatment PK and the 
healthiest leaves in the treatment NMg. 

be' appUal inpraSce/’ f ^ ^ data fr0m *“* st ^ 
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In relation to potassium, magnesium and phosphates he states: 
“Thus the potassium content of the plant in relation to the mag¬ 
nesium content is influenced by the relative dominance of nitrogen 
or of phosphorus in the mineral fertilizer. One can conclude for 
example that when the ratio of potassium to magnesium in the plant 
exceeds three, while the ratio K/Ca is close to unity, it is necessary 
to apply an increased proportion of nitrogen. This last information, 
given only as an example, forms the basis of a comprehensive study 
of the relationship between fertilizer and mineral composition which 
is being undertaken at present. 

“ Let us now see how this knowledge may be applied in practice. 
In the first place, depending on whether cocoa is cultivated in forest 
clearings or on previously cultivated soil, it is clear that the quan¬ 
tities of humus and nitrogen will be different. The proportion of 
nitrogen applied can naturally be reduced in soils containing an 
adequate amount of humus and of soil organisms which liberate 
nitrogen. Moreover, in many Congo soils phosphates rapidly 
become unavailable and can only be used by the plants at a very 
slow and steady rate. For these soils, which include those in which 
cocoa is likely to be cultivated, it is necessary to increase the phos¬ 
phate in the anion group up to proportions which can easily reach 
50 per cent. With regard to cations, the soils always contain mag¬ 
nesium, but in the absence of analysis it is best to assume this mag¬ 
nesium is not adequate to ensure optimum development and it is 
wise to include some in the fertilizer mixture. Finally, the very great 
importance of potassium, and especially its toxic effects when 
present in excess, invites caution and suggests that one should not 
use potash fertilizers except where analysis of the soil shows it to 
be particularly low in this element.” 

Based on the following formula quoted earlier in his paper: 

Anion composition (equivalents as percentages of their total) 

N0 3 : 37; iS0 4 : 29; iP0 4 : 34 
Cation composition (equivalents as percentages of their total) 

K+ : 21; £Ca + + : 35; £Mg + + : 44 

he says: “If the formula of basic requirements, such as that given 
above, is used as a basis and the analysis of the soil is taken into 
account, it is possible to conclude that in all cases nitrogen and 
phosphorus should be added. These two elements may, for example, 
be added in the form of agricultural ammonium nitrate and bical¬ 
cium phosphate. If the phosphorus is applied in triple super form, 
which appears to be effective in many Congo soils, sulphur must be 
added at the same time. The agricultural ammonium nitrate also 
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supplies calcium. Magnesium should then be added and the most 
suitable form seems to be magnesium sulphate (Kieserite), which 
gives little trouble. Depending on the results of chemical analysis of 
the soil, one must then decide whether or not to add potassium. To 
summarize, with the aid of three, or possibly four, simple fertilizer 
compounds, mixed in the correct proportions to provide the balance 
considered most suitable to meet the basic requirements of the trees 
as modified by conditions, a complete fertilizer will be obtained 
that will assure satisfactory growth. A dose of the order of 500 
kg/hectare will probably be adequate for a first application.” 

Professor Homes is discussing manurial requirements in relation 
to soils with which he is concerned in the Belgian Congo, but much 
of his discussion has a bearing on the use of mineral manures in 
general. The further outcome of work on the application of mineral 
manures to cocoa in the Belgian Congo will undoubtedly be of great 
value. 

Soil analyses have further shown in Malaya that Jerangau soils 
are very low in exchangeable calcium. Leaf injections of calcium 
have recently given noticeable responses. 

Both at Jerangau and in Perak leaf-tip and marginal scorch have 
been traced to applications of muriate of potash, especially in the 
absence of added phosphates. For this reason it has been decided 
recently to use only sulphate of potash in fertilizer mixtures for 
cocoa. 


At W.A.C.R.I., it was found that the application of sulphate of 
ammonia significantly reduced the uptake of phosphate. There were 
interesting results in an experiment carried out by A. D. McKelvie 
to test the effect of organic and inorganic mulches in relation to 
shade and fertilizer treatment. Three types of shade treatment were 
used: (i) no shade; (ii) artificial shade of cut palm fronds; (iii) sparse, 
living top-shade of tree cassava and Gliricidia. The experiment was 
earned out for nine months. Artificial shade was found to be better 
than no shade or natural shade, and organic mulch with or without 
nitrogen was superior to the other soil treatments. Without shade all 
sod treatments were ineffective. Under artificial shade, organic mulch 
nitrogen, and the two together were effective; under living shade 
only organic mulch without added nitrogen gave satisfactory results 
A shade and manurial trial to test the effect of major nutrients on 
cocoa has given some striking results. At the present early stage of 
the experiment the responses to the removal of shade and the appli- 
cation of a complete major nutrient fertilizer have been significant. 
The foUowmg table supplied by R. K. Cunningham, who is con¬ 
ducting the experiment, gives the yields to 1959: 
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Table No. 5 


YIELDS EXPRESSED IN LB. OF DRY COCOA PER ACRE 


Treatment 

Pre-treatment 

Post-treatment 

* 

1954—55 

1955-56 

1956-57 

Unadjusted 

1957-58 

Adjusted 

1957-58 

1958-59 

Shade, no fertilizer 

30 

44 

205 

615 

586 

958 

No shade, no fertilizer 

19 

29 

170 

1,079 

1,100 

2,348 

Shade, fertilizer 

24 

32 

211 

869 

849 

1,211 

No shade, fertilizer 

20 

18 

173 

1,574 

1,602 

3,091 


* Fertilizer mixture applied October 1956; shade removed March 1957. 


Shade, provided mainly by Gliricidia, gives approximately 35 per cent 

shade. There are 3,600 ten-year-old Amelonado experimental trees 
planted in straight lines at 8 ft. by 8 ft. 

Experimental Design: 2 2 - Shade - Fertilizer 

Replication: 3 

Guard Rows: 8 ft. guard rows and two 88 ft. guard strips 

Spacing: 8 ft. by 8 ft. 

Cocoa: Amelonado planted in May 1947 

Area of Experimental Plots: = 19,200 sq. ft. 

Sub-plots = 6,400 sq. ft. 

Nos. of Experimental Trees per plot: 300 (per sub-plot = 100) 

Table No. 6 


SCHEME OF FERTILIZER APPLICATIONS 


Date 

Application 

Fertilizers used in 
mixture 

Rates in Ib./acre 


TO 

k 2 o 

MgO 

October 1956 

1 

Ammonium phosphate 
(11% N, 46% P,O s ) 
Single superphosphate 
(18% P,0 5 ) 

Sulphate of potash 
(48% K.O) 

Magnesium sulphate 
(16-2% MgO) 

13-4 

90-7 

90-4 

45-8 

April 1957 

2 

Urea (46% N) 

Triple superphosphate 
(47% P,O s ) 

50 

30 

— 

— 

September 1957 

3 

Urea 

50 

— 

— 

— 




























SOIL ANALYSIS FOR EXPERIMENT IN GHANA 
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Removal of Shade 

In March-April 1957 the shade was removed from the non-shaded 
plots by poisoning all the shade trees with a proprietary mixture of 
2,4-D and 2,4,5-T. The dead trees have been allowed to stand 
and they have been falling during the dry season with little damage 
to the cocoa. 

The soil is derived from hornblende granodiorite and is a typical 
Ochrosol. It is a well-drained sandy loam with little structure. It 
would be classified as one of the better soils of Ghana. Table 7 gives 
the soil analysis. 

It is too early yet to draw far-reaching conclusions from this 
experiment. The Gliricidia shade in the first case was quite heavy 
and obviously had the effect of preventing the cocoa trees yielding 
normally. This is an interesting and important experiment; it has 
shown that the application of mineral manures can increase the yield 
under certain conditions of environment on this type of soil. It 
demonstrates that Amelonado cocoa can give a yield per acre as 
high as any type of cocoa. Further results from this experiment will 
be followed with great interest. 



References 
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Chapter VI 

THE COCOA PLANTATION (1) 

ESTABLISHMENT AND MAINTENANCE 

/. PRELIMINARY PREPARATION 

Overall Considerations—Choice of Site—Soil Assessment- 
Communications, Water Supply, etc.—Preliminary Opera¬ 
tions—Subsequent Operations 

OVERALL CONSIDERATIONS 

This chapter describes in their sequence the operations entailed in 
laying-out a plantation and in its subsequent care. Some of the points 
are discussed at greater length in other chapters. 

No description of plantation practice could cover all the various 
methods employed in the tropical countries where cocoa is grown. 
Variations are sometimes dictated by climate and soil, by the type of 
labour available, and by traditions and fashions evolved in each 
country. 

While actual practice varies, the basic principles which make for 
the profitable growing of cocoa are similar. The planter who would 
make a success of the work in one part of the world would be most 
likely to make a success of it in another. 


CHOICE OF SITE 

The choice of site for a plantation will be dictated by certain basic 
considerations. 

Although in the past, sound judgment based on experience guided 
the more successful planters in their selection of suitable land for 
cocoa, many plantations of cocoa and other tropical crops have been 
sited on unsuitable soils. The assumption that soils which carry 
dense forest must necessarily be productive if the forest is replaced 
by a plantation has led to much disappointment. It may also be 
misleading to judge the quality of the soil by its cover in the absence 
of an intimate knowledge of the type of flora that indicates fertility. 

The African peasant built up the greatest cocoa-growing industry 
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in the world without the aid of scientific knowledge, as we understand 
the term. He achieved success by growing cocoa widely; where it 
grew well, he grew more of it. In course of time wisdom born of 
experience prompted him to test the suitability of the soil for cocoa 
by planting a few trees in advance of any general planting, and he 
thus acquired a considerable degree of judgment. 

This method of trial and error was sufficient for a peasant com¬ 
munity at a certain stage in its progress, but for the prospective 
planter at the present time it is not a practical way of choosing land 
for cocoa. 


SOIL ASSESSMENT 

Where such services are available, the assistance of the Depart¬ 
ment of Agriculture or Research Institute, with staff trained in the 
study of soils, or the advice of experienced local planters, should be 
sought. In the absence of these, large companies contemplating 
development in unsurveyed territory would normally import the 
necessary skill for their own guidance. In assessing the suitability of 
a new area, the condition of growth of certain forest plants or farm¬ 
ing crops, such as bananas, plantains, and tannias (coco-yams), the 
luxuriant growth of which is accepted as indicating good conditions 
for cocoa, would be noted. Similarly, the presence of certain trees 
which are known to thrive on poor soils or which are indicative of 
waterlogged or other conditions unsuitable for cocoa would be 
observed. In the absence of professional skill or guidance on the 
s P® t * an y° n f a working knowledge of soils can gain a great deal 
of information by the use of a soil auger. An ordinary carpenter’s 
auger, about 1 inch in diameter, can be converted for the purpose 
by having the stem lengthened to about 3 to 4 feet. It can probe the 
ground and bring up enough of the soil to give an indication of its 
constituents, the depths of its various layers of heavy or light soils 
its generai texture and its capacity for drainage or retention of mois¬ 
ture. Soils in the tropics are liable to vary widely within a small area, 
and a simple survey with a soil auger, used up and down the site, will 
often provide more useful information than any other form of 
investigation. A preliminary assessment of the acidity and the 

absence of potash, etc., can be made b“use of soU 
wammation fats. Such assessment should be supplemented by a 
port on sod samples by an appropriate authority. * 

Soils which will sustain the growth of the cocoa tree must con 
tarn enough clay to enable them to retain SSKSteTE 
assure the growth of the plan, through dry “must 
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not be so heavy as to impede drainage or the circulation of moisture 

The extent to which organic matter or humus is present in the 
surface layer may decide at the outset whether cocoa can or cannot 
be established. Organic matter helps to keep a clay soil friable and 
makes a sandy soil more retentive of moisture. In addition to 
improving the physical character of the soil, organic matter is the 
medium from which the feeding roots will draw most of the plant’s 
nourishment. The care with which the accumulated organic matter 
is conserved when opening up land for planting, and the skill with 
which it is maintained and augmented throughout the life of the 
plantation will greatly influence the productivity of the trees. 


COMMUNICATIONS, WATER SUPPLY, ETC. 

Accessibility by road or water is important as means of communi¬ 
cation have an important bearing on costs. 

Water supplies must be studied from the point of view of the needs 
of the labourers and also of the nurseries. 

The number of labourers and the amount of accommodation 
required for them, and also the size and equipment of the buildings 
necessary to carry on plantation operations, will be calculated in 
relation to the size of the venture planned. 

Where circumstances permit, it is cheaper in the long run to erect 
the more expensive permanent buildings at an early stage, rather 
than to put up temporary buildings which are later to be replaced 
by permanent structures. If temporary buildings are made they 
should be such that they will last ten years at least without requiring 
major repairs. The chief accommodation required will be housing 
for labour, overseers, and owner or manager, and houses for 
fermenting and storage. 

A number of roads will be required in the early stages, but a more 
complete road system will be developed gradually. A cambered 
road with offsets leading to deep holes to take the run-off is much 
better than one with deep ditches on both sides. Nowadays, 
even the smaller tractors can be fitted with light bulldozers or 
road graders, which reduce the costs of earth-moving, road-making 
and maintenance. 

There will be expenditure on basic equipment in the form of axes, 
saws, machetes, shovels, crowbars, and files. The number of lorries 
and tractors required will depend on the size of the venture and the 
availability of local transport and machinery for hire. 
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PRELIMINARY OPERATIONS 

The preliminary operations involved in making a cocoa plantation 
will vary to some extent from country to country, and with the con¬ 
dition of the land to be planted, depending on whether it is in high 
forest or secondary bush or has been recently planted with another 
crop. 

High and secondary forest will have to be selectively thinned or 
cleared. Where the land is already cleared, provision for ground 
cover and shade must be made at an early stage. 

Nurseries will be required, whether the method of planting is by 

seedlings first grown in the nursery and then planted in the field, 

or by direct planting of seed. In the latter case nursery plants will 

be required to replace those which have weakened or died during 
the first two years. 

Nurseries to provide permanent shade trees and, perhaps, tem¬ 
porary shade trees will also be required. 


SUBSEQUENT OPERATIONS 

Subsequent operations, such as the removal of chupons or suckers 
pruning or shaping of trees, and weeding, will be necessary in most 
countries. Control of temporary and permanent shade trees will 
depend on how much shade is desired. Cultivation to a greater or 

wuntrie^hm CSpeCial . ly m t , he earl y * common in many 

STon manUnDg 18 IeSS common ' Drainage may require 


for me asures of disease or pest control at various stages 

In m 10 C ° Untry; in some the y may be necessary at 

all stages, and in others the need may be negligible. * 
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II. PREPARATION OF THE LAND 

Complete Felling and Burning—Selective Thinning—Partial 
Clearing—Sale of Timber—Sequence of Operations—Use of 
Chemicals in Removing Forest—Mechanization in Felling — 
Planting in Old Plantation Land or Land without Forest — 
Prevention of Erosion—Drainage 

COMPLETE FELLING AND BURNING 

Where the land is in forest, operations usually begin by clearing the 
undergrowth at the end of the wet season, or early enough in the dry 
season to permit of burning the forest growth (if burning is to be 
done) before the rains begin again. 

The time when preparation of forest land for planting should start 
will depend on the length of the dry season. Where this is of short 
duration it may be necessary to begin before the end of the wet 
season; on the other hand, where there is a long dry season, it may 
be possible to do all the preparation and clearing in dry weather. 
Initial operations would be the clearing of the undergrowth and 
smaller trees, followed by the felling of the larger trees. If the aim is 
to burn all the standing timber, a good deal of cutting of the larger 
trunks and branches will be necessary. Brushwood and logs would 
be stacked against the larger trunks and tree stumps in order that 
these may be effectively burned. This is especially necessary for 
hardwood. 

The extent to which the land should be stumped and how much 
effort should be made to remove the roots of forest trees from the 
ground is a matter on which the planter will be guided by local 
experience. Unless there is considerable depth of surface soil, the 
process of digging up stumps and roots might expose the sub-soil 
unduly to the disadvantage of the cocoa crop. 

SELECTIVE THINNING 

Overhead shade can be provided by leaving a sufficient number 
of deep-rooted forest trees which can create a canopy for shading the 
cocoa, and which are not incompatible with its growth. It is better to 
thin out the forest and leave a sufficient number of the original forest 
trees as shade, rather than to cut them all out. This method allows 
all the usual operations of brushing, lining and holing to be came 
out. It has been practised in the Congo with great success. It is also 
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practised in West Africa to a greater or lesser extent, but not with 
the same degree of skill. 

PARTIAL CLEARING 

When clearing the lines of trunks and brushwood, some saving in 
labour can be achieved by merely making a partial clearance in the 
first year. If, for instance, the planting distance between rows is to 
be nine feet, rows can be cleared and planted in the first year at 
eighteen feet. The tree trunks and brushwood are piled in the inter¬ 
vening space where they will settle down and rot. Incidentally, they 
provide shelter for the first rows of young cocoa. A year later, the 
inter-rows are cleared and planted. This method of establishing 
cocoa is commonly used on the Lukolela cocoa estates in the Congo 
and is considered to be economical of labour. The result is that the 
odd-numbered rows are a year younger than the even-numbered 
rows (or vice versa), but this is of no consequence. 

It has been a common practice in some South American countries 
to establish young cocoa in three- to four-foot wide rides or rentices 
m the forest, the remaining trees being killed off by ring-barking or 
by the use of arboricides. Under this arrangement, the proper 
adjustment of shade in the early stages of the plantation’s growth is 
difficult. There may be too much shade at first and too little later. 


ur liMiJcK 
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USE OF CHEMICALS IN REMOVING FOREST 

Chemical compounds have been widely used in Malaya and else¬ 
where for killing off the forest prior to planting rubber and other 
crops. Sodium arsenite has been commonly employed for this pur¬ 
pose. A more recently introduced arboricide is a synthetic hormone 
known as Trioxone, one of the 2,4,5-T hormones, which is now 
much used in West Africa. It is not toxic. There is no fear of its 
efficiency being affected by rain and it can be used at any time of the 
year because fuel oil is one of the diluents. 

An effective strength in which this arboricide may generally be 
used is a 5 per cent concentration—that is, one part of Trioxone to 
nineteen parts of diluent. 

The usual procedure is to dilute Trioxone with a mixture of sump 
oil and kerosene and apply with a spraying machine in a band 12 in. 
to 15 in. wide around the bole of the tree. A brush can of course be 
used instead of a spraying machine where only a few trees are to be 
treated. The best results are to be obtained by applying the mixture 
when the bark is dry. Where trees have buttresses, it is more econo¬ 
mical to treat the bark above the buttress. 

Another way in which this chemical can be used is to cut a ring 
of bark off the tree, leaving a frill on the lower edge, in the same 
way as is done in ring-barking and apply the arboricide above the 
frill. This ensures a quicker kill but the advantage is offset by the 
extra cost in labour. 

Most trees treated with Trioxone die within twelve months, but a 
few are particularly difficult to kill. For instance, Triplochiton 
scleroxylon, known in Ghana as “Wawa,” requires a 15 per cent 
instead of a 5 per cent concentration of Trioxone. 

It is obvious, of course, that it is desirable to use certain sprayers 
for arboricides and others for other types of spraying such as insecti¬ 
cidal work. Where a sprayer is to be used for other work after being 
used with an arboricide, it will naturally have to be well cleaned 
before use. When sump oil with kerosene is used as a diluent it is 
advisable to apply the arboricide as a high-pressure spray. For 
example, when the Mysto 155 sprayer, fitted with 025 blue nozzle, is 
being used it requires a pressure of 30 lb. 

MECHANIZATION IN FELLING 

Where the plantation is to be laid out on a large scale, and the 
forest is to be completely felled as distinct from being selectively 
thinned, felling by means of drawing through the forest a heavy chain 
attached to two tractors will speed up the operation. Where reason- 
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ably efficient labour is available, however, the cost of this type of 
felling would need to be carefully compared with that of felling in the 
usual way. 

For trees up to eighteen inches in diameter, tractor-powered 
winches are usually better than those which are hand-powered, 
especially when the ground is soft. 

Large-scale clearing by mechanized means would normally be 
restricted to deep soils with a fertile sub-soil. The extensive use of 
machinery for pulling down and removing trees and stumps on a 
shallow soil, where the sub-soil is unsuitable, would create un¬ 
favourable conditions for cocoa. 


PLANTING IN OLD PLANTATION LAND OR IN LAND WITHOUT FOREST 

Where cocoa is to be established on land previously planted with 

^ a ^ r K an ° ther Cr °P' and shade trees are already in existence, 
most of the operations in establishing the new plantation can be done 

before replacing the old shade trees. These are carefully felled later 
and replaced with new trees. The necessity for establishing ground 
cover and lateral shade at an early stage is as importanf here as 
where planting is done in forest country P 

fllf 1° bC P Ianted has fe w trees and little cover, then the 

m:rTltr;',ha P n r °hfd[hers! he Pennanem ** “ " "*"% ««"» 


SOIL EROSION AND ITS PREVENTION 

tSSt&Sigr—zrngs 

of the cocoa tree and deniirlp/th r a y er » exposes the roots 
the general t*.* 0 " ° f DUtrients - 11 

carbon-nitrogen ratio 1 i j Ui P b str V cture and lowering the 

tities of water percolating throughthe so™S * ° f ^ g ® quan " 

nutnents are carried down to , 8 , , 1S ^ eac ^ n 6> whereby the 

roots of the tr^ Stldum l'° ieve,s b^onct the reach of the 

ried away, leaving behind a ^ P otassium may be car- 

Complete Sg”*»- and suisoil. 

erosion, and prevention of erfsion is bed sS bfledvmg * 
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number of the trees in situ, or by planting ground cover and tem¬ 
porary or permanent shade to protect the ground from the drying 
effects of the sun and from wind and rain. Ground cover, in the 
form of bananas, tannias or other plants commonly used for this 
purpose, will prevent erosion, if planted in time. The remedy in a 
mature plantation on a slope is contour drainage and the erection 
of earth or other barriers to check the flow of water. 

If the plantation is on a long slope liable to erosion, the cocoa 
trees should be planted on the contour, and tree trunks and brush¬ 
wood piled in rows along the contour between cocoa trees to form 
a barrier and slow down the rush of water. On very steep slopes it 
may be necessary to do a certain amount of terracing and planting 
with soil-holding shrubs and grasses. 

Erosion will be reduced by keeping the ground covered in the 
early stages with shrubs and shade trees and, later, with cocoa and 
shade trees, filling in the spaces left by fallen trees by extra planting, 
and by the provision of efficient drainage. 


DRAINAGE 

Where draining is required, the sooner it is done after the land is 
sufficiently cleared the better. Cocoa may be unaffected by being 
flooded for several weeks at a time by overflowing rivers, but is 
usually adversely affected by stagnant water. 

The necessity for draining will be determined by a study of local 
conditions. The number of drains, and their depth and width, will 
depend on the lie of the land, the type of soil, and the distribution 
of rainfall. The drains should naturally be made along the contour, 
with sufficient fall to ensure that the water drains away gradually. 
The distance between drains should be adjusted to fit in with the 
spacing of the rows of cocoa trees. 

On all sloping land, drains and roads should as far as possible 
follow the contour. When making outlets for the drains, erosion 
can be minimized by widening the outlet into a “fish-tail” shape. If 
the grass at the outlet is not cutlassed too closely, it will also help to 
retard erosion. 
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III. NURSERIES 

The Site , Shading and Shelter—Planting Seed — Baskets — 
Cocoa in Seed Beds—Supply and Treatment of Nursery Plants 
—Nursery for Shade Trees—Nursery for Rooted Cuttings 
—Nursery Work and Planting in Malaya 

A nursery may be necessaiy because seed is not available at the 
time of planting, and because it may be cheaper to grow young plants 
in a nursery than to supervise them in the field. Where labour is 
short a large number of plants can be supervised more carefully in 
the small area of a nursery. During dry spells they are more conven- 
wnt for watering and they provide a supply of quick-growing plants 
from which only the better-grown and more vigorous are selected. 


THE SITE, SHADING AND SHELTER 

The site chosen for the nursery should have a good, deep, free- 
raining surface soil, within easy reach of an ample supply of water 
free from objectionable minerals. A gentle slope will make drainage 
easier. The nursery should be as near the fields as is practicable, 
shading can be arranged by means of bamboo uprights and cross- 

a pal f f T dS are ,aid ’ 0r a raore permanent struc- 

iM D h“ C ll n beF s l cantUn g and wooden slats. The aim 
should be eventually to allow about 50 per cent sunlight to penetrate 

Palm fro° U H n8 P a MS f0r i Sreat part of their time in ^nursery. 

tht?i*h« 38 U C0Veri “ g have ,he advantage that as 

hey wither with age they become more pervious to light thus 

b “"' ! 

prevent most of the rain and dew Z£ s pla^l 
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There is often a tendency to confine nurseries, especially the larger 
ones, within too small a space. As most of the transport nowadays 
is by lorry, sufficient room should be left between different units of 
the nursery to allow easy passage. 

PLANTING SEED 

The seed to be planted is usually rubbed with sand or wood-ash 
to remove the mucilage, but this is not necessary. It is better to 
plant seeds hilum or scar-end downwards, although they can be 
planted on their sides. Any other way of planting results in a dis¬ 
torted plant. Good seed should give not less than eighty per cent 
germination. 


BASKETS 

Seedlings in baskets have the great advantage that when they are 
being planted out, their roots are not disturbed and they develop in 
a good soil. The basketed plants are easily handled and transported, 
and are less liable to damage than where baskets are not used. 

The lightest and most durable baskets are made from split cane. 
Bamboo pots can be used but they may restrict root development 
and must be removed before planting in the field. 

The size of the cane basket is a matter on which opinions vary. 
Large baskets require more soil or compost to fill them and are 
heavy to carry. The size will depend to some extent on the size of 
plant aimed at for planting. Where cocoa is difficult to establish, 
a larger basket is to be preferred. The Dutch in Java favoured 
a basket 18 in. to 24 in. deep by about 7 in. wide. The Ghana 
Department of Agriculture recommends baskets which are 8 in. 
deep, 7 in. wide at the top and 5 in. wide at the bottom. The base 
of the basket should not be completely woven but should be left as 
open as possible, with only a few strands across it to retain the soil. 
This gives the tap-root complete freedom to develop. Cheap baskets 
can be made by a simple weaving of palm fronds, but will not last 
long or stand much handling, and are liable to disintegrate before 
they reach the planting site. 

When baskets are required in large numbers a contract is usually 
given to village communities. If baskets have to be made by labour 
on daily pay they may prove to be an expensive item. 

The baskets are filled with good surface soil and some sub-soil, 
reinforced with compost, leaf mould, or farmyard or artificial 
manure, unless the original soil is rich. Surface soil alone may be 
unduly alkaline. They should be renewed from time to time if they 
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have deteriorated, or if the tap-root of the seedling outgrows the 
original basket. When renewal is necessary, the plant along with its 
soil is transferred to the new basket and fresh soil packed around it. 

Where bamboo pots are being used, a layer of coir or fibre at the 
bottom of the pot will help to retain the soil and moisture. A cover¬ 
ing of fibre over the top of the basket will slow down evaporation 
from the soil and reduce the amount of watering required. 


COCOA IN SEED BEDS 

Where the cocoa seed is to be planted in beds these must be pre¬ 
pared with care. The best available soil should be well worked and 
mixed with pen manure or decayed vegetable matter and put in a 
bed slightly raised from the ground. The beds should be divided 
by paths and made narrow enough to permit attention to the plants 
from the paths. When the beds have been slightly consolidated, the 
seeds are pressed into the soil and spaced sufficiently far apart to 
allow of being removed by a trowel when ready for transplanting. 

Where the seedlings are being grown from hybrid or Trinitario 
type cocoa, it will be found that some seedlings grow with much 
greater vigour than others. Where this occurs it is worth while 
removing the vigorous growers to another bed by themselves. This 
will avoid competition between the vigorous and the less vigorous 
and make better and more even growth throughout the nursery. 


SUPPLY AND TREATMENT OF NURSERY PLANTS 

Whichever method of raising plants in the nursery is adopted, it 

is necessary to have a constant supply of healthy, vigorous seedlings 

to replace casualties in the field during the first 24 to 30 months. 

Watering in the dry season can be delayed as long as is consistent 

with the good growth of the young plants, as once begun it will have 
to be continued. 

A high percentage of losses in the field is due to the fact that the 
p ants have not been sufficiently hardened in the nursery before 
planting out. These losses can be greatly reduced by subjecting the 
nursery plants to a process of hardening by gradually reducing the 

of a <h*r e n he bedS Un !! 1 the seed,in S s are growing in the minimum 
frJm Damage t0 the ta P- root duriQ g transference of the plants 
trom the nursery can also account for unduly high losses in the field. 


NURSERY FOR SHADE TREES 


Where shade trees are to be planted as seedlings and not as seed 
at stake a nursery will be required. The seed of certain forest ^ 
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is difficult to germinate. The local Forest Department has usually a 
good deal of experience in germinating seed of forest trees and 
their advice should be sought in case of difficulty. 


NURSERY FOR ROOTED CUTTINGS 

Where the size of the plantation or estate justifies it, it is better to 
raise a supply of rooted cuttings on the spot than to buy them or 
obtain a free supply from a central nursery. A careful selection of 
material for planting is thus possible. Recent experience in Trini¬ 
dad shows that where the large central nurseries send supplies to 
plantations, it is impossible to provide clonal plants which are all 
up to the standard desired by the discerning planter. 


NURSERY WORK AND PLANTING IN MALAYA 

The Department of Agriculture in Malaya has issued a small 
publication setting out, among other things, its recommendations 
as regards nursery work and field planting. Baskets 9 in. deep, 7 to 9 
in. wide at the top, and 6 to 7 in. wide at the bottom are suggested. 
Baskets are treated with preservative in the form of copper naph- 
thenate-kerosene mixture, but it is noted that if the copper content 
is too strong the baskets might take too long to disintegrate in the 
ground and thereby obstruct root growth. 

“Cuprinol” and “Cuprotect,” two proprietary solutions of which 
the copper content is specified, should be reduced to about 1 -2 per 
cent by dilution with kerosene. Baskets are dipped in the mixture 
for two minutes, allowed to drain and kept dry for a week before use. 

The Department has used tubes made from wood veneer and 
treated with copper naphthenate-kerosene mixture containing 3 per 
cent copper. Veneer is manufactured locally and is bought in sheets 
of 9 in. by 15 in., with the grain of the wood running parallel to the 
9-in. edge. The sheets are formed into tubes by wrapping them 
round a metal cylinder of 4\ in. diameter, and retained in shape by 
two galvanized wire rings (22 gauge wire being used). Coir or other 
fibre is placed in the bottom of the tubes which are then filled with 
potting mixture, as they cannot be stored empty. 

The potting mixture recommended and the one which has given 
the best results at Serdang is: 


7 parts loam, pH 5 5-6 
3 parts dried cattle manure 
2 parts sharp sand 



plus 1 oz. of double 
superphosphate 
per basket 
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Serdang loam required a pH. correction and this was achieved by 
adding 6 lb. of finely ground limestone per cubic yard. 

InjEasternjMalaya, at Jerangau, where there is a better-textured 
top-soil, only \ oz. each of double superphosphate and ground lime¬ 
stone j>er basket were necessary. 


IV. PREPARATION FOR PLANTING 
Spacing — Lining—Holing 

_ SPACING 

Close v. Wide 

Spacing, like shading, has given rise to a good deal of contro- 
vcrsy. 

Professor Hardy holds the view that the main factor affecting 
spacing is the root-room in the soil, and that the feeding roots of the 
cocoa tree will explore the top layer of a soil which has a good crumb 

ablvsoal™ hC d T h ° f E g0 ° d Cmmb structure varies consider- 
hfc nw / 6 root-room. Where the crumb structure is 

oth^r wnS U S J WlH be ^ reater than ^ere it is deep. In 
" ’ a , ? CrmitS of closer pacing than does a poor 

soil. This view is shared by Carl de Verteuil of Trinidad. ? 

h °°. tbe ° • hand * De B] aak, of Huileries du Congo Beige, who 

tW eXpe P enCe plantation crops in the tropics, considers 

,CSS ®°° d Sowing conditions, closer^ paciog 
“ His theory of productivity is based on the estimated 

PCr K Unit ° f SUrfac " area « which can bl“ 
by f .^e average individual production bv the 

°" 3 g,Ven area ' The density isa n fu b „ y c«io„ e 

(a) The variety to be planted. 

@ po ‘ entI ' al production of individual trees, 
groin and dlmatiC “Editions under which the crop is to be 

Optimum Spacing 

coun^“th P r»“nrtes P3 ^ ^ from "*»*» to 

which gives the greatest yield pe^unittfS^erl *%£££ 
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Experience so far seems to show that close spacing gives a greater 
yield in the early years, but where a close and a wider spacing have 
been compared over a number of years, the yield per acre per 
annum eventually becomes approximately the same. Close spacing 
in the early years, with thinning-out as the trees develop, has been 
advocated as the best means of getting maximum yields over a long 
period. 

Planting by the triangular or quincuncial method results in more 
trees per acre being planted than when they are planted on the 
square. For instance, at 15 ft. spacing there will be 13 per cent more 
trees per acre when planted on the triangle than when planted on the 
square. If the trees are planted at close spacing with the intention of 
thinning out later, adjustment of spacing by thinning is more easily 
done when planting is on the triangle. 

Close Spacing 

Close spacing has the advantages that the canopy of the cocoa 
trees soon meets and shades the ground, thereby suppressing weeds, 
and that if one tree dies the canopy of the adjacent trees soon closes 
up and covers the intervening space. In West Africa the quick 
closing of the canopy discourages capsid attack. There is also less 
tendency for the plant to develop chupons or suckers. 

A spacing of 10 ft. by 10 ft. will control weed growth when there 
is fairly rapid development of the trees. Some consider that there 
should be a distance of twelve feet between cocoa rows to allow of 
easy access to the plantation. Whereas in the early years of bearing, 
close spacing makes for higher returns and less expense in weeding, 
the outlay in plants is greater if selected material is being bought or 
produced at high cost. This is a point to be borne in mind when 
close planting is done with the intention of thinning later to provide 
wider spacing. 

Thinning 

Where cocoa is planted at close spacing and is to be thinned after 
seven or eight years, it may be planted 9 ft. by 9 ft. by the triangular 
or quincuncial method. The first thinning could be done to give a 
space of just over twelve feet between rows. There is a natural 
tendency to postpone thinning when a good yield is being obtained 
from the plantation. If it is unduly delayed, the general shape of the 
trees is affected and several years may elapse before a desirable 
form is attained. The time when thinning should take place must 
be a matter for the good judgment of the planter. When it comes to 
thinning the plants in the rows, a certain amount of selection may be 
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done. Two good vigorous plants may be left growing close together 
and weaker plants on either side removed, provided that the gaps 
left are not too wide. 

Practice in Different Countries 
In the past Trinidad favoured 12 ft. by 12 ft.; Ceylon, New 
Guinea and Samoa spaced at 15 ft. by 15 ft. and sometimes 16 feet 
apart; the Belgian Congo for some years used a spacing of 4 metres 
by 4 metres, but more recently 3 metres by 3 metres (about 10 ft. by 
10 ft.) has been adopted. In experiments in Nigeria where spacines 
of 8 ft. by 8 ft., 12 ft. by 12 ft., and 15 ft. by 15 ft. were tested on 
different soils, the best yields were obtained in the early years at 
close spacing on good soils. The West African peasant farmer 
when planting cocoa seed through his food farm, plants closely 
r J ft. to 4 ft. apart), but, more recently, spacing of 5 ft. by 5 ft. 
is being adopted. Such cocoa farms are thinned out by the deliberate 
action of the farmer and some trees are killed off by pests and 
diseases, but the final stand is usually very close-spaced when 
compared with the standards in other countries. 

Attention must be given to the matter of filling the land to capa¬ 
city, while making provision for the labourers to walk between the 
lines with dusting and spraying equipment. 

Spacing of Shade Trees 

trJc hC treCS Wil1 normalI y be Panted in line with the cocoa 
trees, and the spacing will depend on the size which it is expected 

Erythrina in T * "d^^d no the nature of their canopy 

and il t Tn ? ldad were sometimes planted at 24 ft. by 24 ft 

and later thinned out to 48 ft. by 48 ft or at T S ft 1 /*v J 

i"i e * ree . b y t0 PP 1D g and cutting back the branches if envisaged a 
usually pfan&T^ S fiSt « 


north and south dkection gCneralI >' be orientated in a 
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Lining before General Felling 

If before general felling in forest country it is desired to plant 
lateral shade and/or permanent shade, or even cocoa itself, lining 
can be done immediately the underbrush has been cleared. 

Lining on the Contour 

On hilly land it is most desirable to line on the contour. This will 
enable soil conservation measures to be applied more easily, and if 
the distance between the contour rows is twelve feet or more, other 
operations will be made easier. 


holing 

Holing is designed to provide suitable conditions in which the 
plant may develop a root-system and establish itself. 

In an easily worked fertile soil there is less need for a large hole 
than in a stiffer soil. Where the soil is heavy the fork is better for 
digging than the spade, as the latter tends to make the sides of the 
hole impervious to water. It is more important that the hole should 
be wide than that it should be deep, because the feeding roots 
spread outwards, and the tap-root will in any case penetrate a 
long way below the bottom of the hole. A diameter of two feet 
or more with a depth of twelve to eighteen inches is a convenient 
size. Where rocks or large boulders are present, it is well to probe 
the bottom of the hole for a foot or more with a sharpened iron 
to ensure that there is none underneath. A similar precaution should 
be taken where there is the possibility of hardpan or an impervious 
clay layer. 

Where the plants are grown in baskets, the necessity for a large 
hole is not so great as when they are being transferred from nursery 
beds. If the seed is to be planted in the field, a good-sized hole 
should be made and great care taken to fill it with a soil mixture in 
which the plant can grow. 

Treatment of the Soil 

It is convenient when holing to keep the surface- and sub-soils 
separate. The holes should be filled with a friable mixture of a good 
deal of surface soil and some sub-soil. Surface soil alone may be 
too alkaline. For the same reason a concentration of wood ash is 
to be avoided. When it is desired to reinforce the mixture, well-rotted 
compost or manure is added. If the soil is piled up in a mound over 
the hole it settles down to ground level. On the other hand, a 
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saucer effect around the plant, due to insufficient soil in the hole to 
begin with or to the soil having been scraped away in the course of 
weeding, may give rise to waterlogging. 

The soil around the hole should be well hoed before the plants are 
inserted, as the feeding roots develop most quickly when the soil has 
been opened up by cultivation. Where forest trees of secondary 
bush have been left for shade, it is worth while pressing a spade 
12 in. into the ground in a circular ring about 3 ft. from the 
point where the cocoa is planted, in order to sever any roots that 
may be growing towards the hole. 


Experience in Ghana 

Although much of what has been described here may be con¬ 
sidered as orthodox practice and represents that adopted by success¬ 
ful planters in the West Indies and the Americas, experience in 
Ghana does not completely support this. Here it has been found 
that when seed is planted “at stake,” i.e. directly in the plantation, 
the less the soil is disturbed after cleaning and brushing the better 

onhe plant atKm ‘° retard ra ‘ her than acceIerate the progress' 

Tliere is some doubt here whether there is any advantage in 

making holes before planting seed at stake, and good results have 

been obtained without holing. The best results follow the opening 

of holes immediately before planting, and not when they have been 

made some time in advance and left to “ weather,” which is recom- 

mended as good practice in other countries. When cocoa seedlings 

have been planted out in baskets they have grown better when § a 

hole is made of just sufficient size to receive the basket and the soil 
surface is not otherwise disturbed. u 



78 


The Cocoa Plantation ( 1 ) 


REFERENCES 

Bench-terracing: 

World Crops (March and June 1951). 

Spacing: 

Freeman, W. G. “Results of cacao research at River Estate, Trinidad.” 
Trop. Agric. (1929), 6, 127. 

Hardy, F. “Soil and soil-types suitable for the hybridization of cacao 
and the improvement of cacao soils by manuring” (Cocoa Research 
Conference, London, 1945). 

Hardy, F. “Some soil relations of the root-system of cacao.” Trop 
Agric. (1944), 21, 184. t 

Russell, T. A. “The spacing of Nigerian cocoa.” Emp. J. exp. Aerie. 

(1953), 21, 145. r 6 

West, J. “The development of cacao selection in Nigeria” (Cocoa 
Research Conference, London, 1945). 

Department of Agriculture, Federation of Malaya. Agricultural Leaflet 
No. 31, Cacao. 

Greenwood, M., and Posnette, A. F. “The growth flushes of cacao.” 
J. hort. Sci. (1950), 25, No. 3. 

Henderson, F. C. "Cacao as a crop for the owner-manager in Papua and 
New Guinea.” The Papua and New Guinea Agricultural Journal, 
October 1954. 

Jolly, A. L. Cocoa Farm Management, Turrialba (1957), 7, 88. 

Pickles, A. “ Methods employed in West Africa for the destruction of 
redundant forest trees.” Emp. For. Rev. (1958), 37, 421. 

Radwanski, S. A. “Cocoa soils of the Western Ashanti, Ghana.” 
(Cocoa Conf. 1957, 310.) 



Chapter VII 

THE COCOA PLANTATION (2) 

PLANTING MATERIAL 


Selection and Plant Breeding in Ghana—Results of Cocoa 
Breeding at I.C.T. A.—Assessment of Imperial College Cocoa 
Selections—Out-turn of Dry Cocoa from Upper Amazon and 
Amelonado—Multiplication of Planting Material—Sources 
from which Cocoa Planting Material may be secured 


It will be necessary at an early stage to find a source of planting 
material. Cocoa seed can be transported practically any distance 

Roote ? cuttin g s can be produced cheaply in large quantities 
with the use of polythene sheet. Where planting is to be done on an 

extensive scale, hybrid seed would normally be used in the main 
planting programme. 

Included in the plantation requirements will be seed for tem¬ 
porary and permanent shade. If the plantation is isolated, provision 

bef ? r Seed and plantin S mat «rial for food crops 
to meet the needs of labour. F 

A cocoa tree should have the qualities of being high-yielding and 

wh&i ng K and haVC ** Ca P acit ? to thrive ^ The frnSonmemin 
which it is to be grown. A degree of resistance to prevalent pests and 

diseases would be an added virtue. The type of bean borne is the 

oth^ e se Cn T en0n h WhiCh ^ dCCide whether a tree is superior or 
otherwise. Large beans of even size, with high fat content iln o 1 

proportion of shell which, after fermentation are capable of hrfJ' 

transformed into chocolate with a goodX’vomTre des££b? 

SSsssr s® ttstwss s 

The botanical section of the Imperial College of T™™Voi a • , 

ture « Trinidad, under the direction of Professor CtaSSSS. 
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some thirty years ago, to survey and collect plant material from the 
very mixed population of cocoa in Trinidad. The present range of 
Imperial College selections are mainly derived from the cocoa col¬ 
lected on this occasion. They have since been supplemented by Dr. 
Pound’s collections in South America (the most important of these 
being Upper Amazon) and introductions from other sources. 

The great variation in Trinidad cocoa has been demonstrated by 
the fact that one pod from a good tree contained the same weight 
of cocoa as five pods from an inferior tree. In the large producing 
countries of West Africa, populated almost exclusively with Amelon- 
ado type of Forastero which shows little genetic variation, it was 
necessary to introduce varieties from elsewhere. The only cocoa of 
merit available in Ghana, which was not pure Amelonado, was a 
hybrid derived from an early introduction of Trinitario, and which 
had interbred with Amelonado. It now breeds true to type, and for 
convenience is designated as a “local hybrid.” In 1944 a number 
of introductions from the material available in Trinidad were made 
to Ghana. These included Upper Amazon, Criollos, and seventeen 
of the Trinitario complex. A number of further introductions were 
made subsequently. 


SELECTION AND PLANT BREEDING IN GHANA 

Posnette initiated selection and plant breeding in Ghana during 
1939-41 by making selections from yield-recorded trees. Rogers 
and Knight subsequently worked for several years at the West 
African Cocoa Research Institute and laid the foundations of what 
is hoped will provide West Africa with large supplies of improved 
planting material. 

The most interesting material was found among the crosses 
between Upper Amazons. Some of them were vigorous growers, 
came into bearing early and bore fruit for nine months of the year, 
in addition to giving a high yield. Criollo introductions did not do 
well and were predisposed to capsid attack. Of the seventeen intro¬ 
ductions of the Trinitario complex, T9 was particularly promising. 

The breeding programme was planned to proceed in stages. 
First, the mother plants were selected, and this was followed by 
testing the self-pollinated or cross-pollinated progeny. Finally the 
progeny was selected at the appropriate stage for issue to farmers 
as plants raised from cuttings or seed. 

Incompatibility occurs in cocoa, a characteristic which is of 
great advantage to the plant breeder. Some trees will not set fruit 
with their own pollen and are classified as “self-incompatible” 
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16. A heavy-bearing cocoa tree on a 
plantation in Brazil 




17. High-yielding Amelonado tree on 
S.P.R.O.A. Plantations, Gangoa, Ivory 

Coast 


18. Seven-year-old tree on one of the 

Huileries du Congo Beige Estates. 
The chupon growth has been con¬ 
trolled at the first jorquette 


19. One of the first cocoa trees to be plant 
ed in the state of Bahia. The original tre« 
was planted 200 years ago and the stem 
seen in the picture have developed fron 
chupons arising from the original trunk 








20. A tree grown from a 
rooted cutting on an estate 
in Trinidad. This tree is of 
the done I C S. 95 


21. A seedling nursery at a Department of Agriculture Station in Ghana. 

Shade is provided by tree cassava 











22. Young Amazon cocoa tree in 
eastern Malaya 
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25. Nursery trees 


under Ghriodia shade. Trinidad 
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or “self-sterile.” Trees which will set fruit with their own pollen 
are known as “self-compatible.” Pollen from self-incompatible 
trees may be effective on those which are self-compatible. 

Upper Amazon proved to be the best of the introduced material, 
and, furthermore, it was self-incompatible, which simplified the 
process of obtaining crosses without recourse to hand-pollination. 

The most vigorous Upper Amazon types were the progeny result¬ 
ing from crossing individual trees within the Upper Amazon group. 
It is thought that the robust growth of Upper Amazon may be partly 

due to the fact that it is never self-pollinated and therefore acquires 
hybrid vigour. n 

From work done at the West African Cocoa Research Institute at 
lato, there is evidence of considerable hybrid vigour resulting from 
appropriate crosses and of loss of vigour with self-pollinated cocoa. 
Similar evidence of hybrid vigour has been noted in Trinidad, where 

wh£n crowd ZITu ^a 86 seIections S ave g reatl y increased yields 
~ Wth y™* Amazon - It has been the aim in production 
new varieties at Tafo to utilize hybrid vigour wherever possible 

t°o«i y a C n SSing A different typeS Within the U PP er A™ 200 group aid 
ado g UPPCr Amazon w,th other introductions and local Amdon- 

The various selections both in West Africa and Trinidad have 
I? 8 ?® distinguishing letters and numbers. In West Africa 
pper Amazon came into bearing at four years old, and some of the 

the hvbrid g tyPe !, 8 T y ! elds ° f 1 lb - a " nine ye’ars old Some of 

. .. 

SC 4 gave the highest yield both s P acm g s - Clone 

of the trial and therefore in' an advantageous posihon. ° n ““ ** 
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ferenw^in^lsh^ ^^^^^o^^^residts^of^cocoa-breedhtg 0 !!! 



Table No. 8 

PERFORMANCES IN 1956-7 



Years 

from 

Planting 

Number 
of trees 
per acre 

Net 
Weight 
per pod 

Mean 
dry bean 
weight 

Esti¬ 
mated 
cocoa per 

acre 




gm. 

gm. 

lb. 

Introductions 






T76 

12 

222 

107 1 

105 

1,280 

T30 

12 

222 

93 

Ml 

1,185 

T12 

12 

222 

92 

M4 

1,090 

T60 

12 

222 

131 

•99 

995 

Local Hybrids 






(a) Clones 






1st Clonal Trial 
ACU 85 

10 

435 1 

108 

1-32 

1,015 

A46 ; 

10 

435 

146 

1-51 

1,000 

2nd Clonal Trial 
R 15 

8-5 

680 

132 

1-50 

m 

SC 4 

8-5 

680 

128 

1*38 

Hi 

(b) Progenies 

1 



1-32 

900 

TF 1 

15 

400 

124 

E 1 

15 

400 

124 

1-27 

815 

U 6 

15 

400 

115 

1-24 

755 

New Hybrids 

8th Progeny Trial 



120 

M2 

850 

WAE 5 

5 

680 

WBE3 

5 

680 

129 

1-24 

530 

For comparison 
Amazon WE 4 

5 

680 

97 

109 

570’ 

1 AO 

Amelonado WA 2 

5 

I 

| 680 

95 

1 00 

lOo 

9th Progeny Trial 
WEB 2 

3 

i 

435 

104 

M2 

107* 


1 T76 and T60 wet weights from 1950-3 data. 

2 A single plot in a good position. 

3 The best plot gave 700 lb. per acre. 

4 The best plot gave 360 lb. per acre. 
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Trinidad. In Table No. 9 the yields over a three-year period ending 
in 1956-7 are shown. The trees to which this table refers are only six 
years old and it is too early yet to draw reliable conclusions as to 
the future relative performance of individual crosses. The results to 
date, however, indicate that the yielding capacity of some of these 
crosses will be very high. He says: 

During the three years the yields of the seedlings have increased 
consistently, and it is possible that the maximum yields have not 
yet been obtained. At the present time the crosses with ICS 6 as a 

P*™* have 8 iven the hi § hest overall yields. The crosses with 
ICS 60 seem to be less consistent in their behaviour as their yields 
tend to fluctuate more over the three seasons. With respect to the 

f. CA P ar A en , tS ’ the SCA 12 crosses generally have given higher yields 
than SCA 6 crosses. J 


Table No. 9 

SUMMARY OF YIELDS PER ACRE AND PER TREE 
(in Pounds Dry Cocoa) 

Trinitario-Scavina Hybrids at River Estate for the years 1954 to 

1957, inclusive. 


Cross 

1954-5 

1955-6 

1956-7 

1954-7 

Total 

Yield 

per 

acre 

Yield 

per 

tree 

Yield 

per 

acre 

Yield 

per 

tree 

Yield 

per 

acre 

Yield 

per 

tree 

Yield 

per 

acre 

Yield 

per 

tree 

ICS Ix SCA 6 
ICS 1 xSCA 12 
ICS 6 xSCA 6 
ICS 6 xSCA 12 
ICS 60 xSCA 6 
ICS 60xSCA 12 

853 

797 

1,034 

909 

684 

834 

0-96 

0-90 

M6 

102 

0-80 

0-94 

1,283 

1,432 

1,461 

1,410 

1,086 

1,504 

1-44 

1-61 

1-64 

1-59 

1-25 

1-69 

1,706 

1,931 

2,323 

2,455 

1,354 

1,930 

1- 92 
217 

2- 61 
2-76 

1- 52 

2- 17 

3,842 

4,160 

4,818 

4,774 

3,124 

4,268 

4-32 

4- 68 

5- 41 
5-37 

3- 57 

4- 80 




due partly to thediffereii^in^Dod 66 ’ 11 6 ^ SCA 12 -ay be 

"S—fly la^&fo e th P ; d eros e ^ fthe SCA 12 

with those oVthe e p P aren.r S CA h 6 e an^SCA™!? ^ “ intenn ediate 
pods and 13 pods, respLvel v ,1 12 "9"*™ about 14-5 

The ICS clones us^paS’in thT, °“ 6 P ° Und of *7 “eoa. 
average 6 to 7 to the pound of cocoa P 7^“' “7 P<>ds which 
beans sampled in the wet seas™ irTht ™ e . mea n dry weights of 

exceed the one gramme dry weight per beauty asTCr 
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limit of size. They may at times be slightly smaller owing to the 
effects of extreme dry weather and increased cropping as the trees 
become older. In general, there are no marked differences in pod 
and bean sizes among the six crosses. There is a tendency for the 
ICS 6 crosses to produce slightly larger beans than the ICS 1 crosses; 
ICS 6 beans are larger than ICS 1 beans.” 

Most of the above trials are planted at closer spacing than would 
be normal in commercial practice, and close-spaced cocoa gives 
higher yields in the earlier years than that which is wider-spaced. 
Nevertheless, the results of these trials show that the yields to be 
expected from some of these clones are far higher than anything 
that could be expected from cocoa-planting material in the past. 


ASSESSMENT OF IMPERIAL COLLEGE COCOA SELECTIONS 

The following is a recent assessment of some of the ICS clones: 

ICS 1: Is considered a very good clone although it is less hardy 
under certain conditions than some of the selections. It is adversely 
affected by exposure to wind, lack of shade and poor drainage, and 
is susceptible to thrips, but not unduly so to witches’ broom. It is 
self-compatible. At twelve years old it has given yields of up to 
1,600 lb. per acre on plantations in Trinidad. 

ICS 39, 40, 60 and 61: Are all vigorous, having large beans and 
yield well. 

ICS 46 and 47: Vigorous growers with good beans, Self-com¬ 
patible. 

ICS 89: This is a slow grower and late in coming to bearing, but 
promises to be high yielding. 

ICS 95: This is probably the best clone for general use ever pro¬ 
duced in Trinidad. It has done well in a wide range of environ¬ 
mental conditions. It has some resistance to thrips, but is reported 
to be susceptible to attack of Steirastoma breve, the cocoa beetle. It 
is self-compatible. 

The above refers to Trinitario types. Those given below refer to 
Amazon varieties and are all cross-compatible. They are vigorous 

growers and crop early. . 

IMC 57: Appears to be a high yielder but has not been distributed 

in Trinidad. . . ... 

IMC 67: This clone is suited to a wide range of conditions, yields 
early and promises to be a good cropper. It has some resistance to 
thrips but has suffered from aphis attack at the rooted cutting stage. 

P7 and P 18: Very high yielders. 

P 46, 121 and 150: Are all rated as very high yielders. 
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OUT-TURN OF DRY COCOA FROM UPPER AMAZON AND AMELONADO 

Upper Amazon types have a tendency to bear small beans, but it 
is considered that this fault may be remedied in the course of further 
breeding. During experimental work on fermentation and drying, 
it has been found that some of the Upper Amazons and crosses with 
Upper Amazons gave a lower out-turn of dry cocoa than West 
African Amelonado. For instance in a comparison of Upper 
Amazon with Amelonado, it was found that the former gave an 
out-turn of 38 tons of dry beans per 100 tons of wet beans as com¬ 
pared with 44 tons from Amelonado. This is a difference of 13-5 
per cent—a point which is receiving the attention of the plant 
breeders. 


MULTIPLICATION OF PLANTING MATERIAL FROM SELECTED SEED 

The fact that certain types of cocoa are self-incompatible makes it 
possible to lay out seed gardens where the seed produced will be 
of the desired cross. When it is found that a cross between two dis¬ 
tinct trees gives good results, and the mother tree is self-incompatible 
such trees can be planted in a seed garden as rooted cuttings, together 
with the necessary number of trees which are to supply the pollen 
In this way quantities of hybrid seed can be produced for large-scale 
plantmg. This system of multiplication has been adopted in West 
^nca for the supply of seed to small farmers, and great quantities 

°A ^ rr Ved ? lan ‘ lng ? aterial have already been distributed. 
Although the production of rooted cuttings has been greatly sim- 

tharfrnfl 1 '““a alwa y s be slower more expensive 

than mass production from seed. “ 


SOURCES FROM WHICH COCOA PLANTING MATERIAL MAY BE SECURED 

Where new P ,an,in S °r “tension of planting is 
contemplated there are sources from which sunnl i pc nf 

materia, can be secured. In West Africa there Sow ^ 
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produced some very high yielding material and multiplies it on a 
large scale. Most countries interested in cocoa have now introduced 
some of the more promising selections from Trinidad and West 
Africa. Modern techniques for the multiplication of vegetative 
material or seed of superior quality are such that it should be possible 
to provide the needs of any country in a short time. 

When it is desired to introduce vegetative material from another 
country, it is safer to import it as budwood than in the form of 
rooted cuttings. 

It is obvious that where new planting is contemplated, the material 
which is expected to give the best returns should be planted. If some 
of the selections mentioned above have been introduced to a country 
where they have not previously been tried, it would probably be 
wise to test out a range of the available selections on a pilot scale 
before deciding which selections would be used for general planting. 
The response of different selections cannot be foretold with accuracy 
under the environmental conditions of a new country. 

It is considered safe to introduce seed from a country where 
normal phyto-sanitary precautions are observed. Some countries 
prefer not to have cocoa seed introduced in the pod. The seed can 
be conveniently placed in tin containers with charcoal watered to 
contain 25 per cent moisture. Provided seed is not chilled in transit, 
it can travel for long distances by air in this way, and have a high 
percentage of viability on arrival. Vegetative materials sent east¬ 
wards from Trinidad in the form of rooted cuttings have usually 
been sent through Kew for quarantine. Similar facilities are avail¬ 
able in Brussels. 

In Papua and New Guinea where seed has to be transported from 
island to island, special attention has been given to finding a simple 
method of treating the seed so that it can be transported in a viable 
condition. Research has been conducted on this problem at the 
Agricultural Research Station at Keravat under the direction of 
L. A. Bridgland, agronomist. It was found that the seed was best 
transported in the pod, the pod having the basal end cut off and 
then the ends dipped in paraffin wax at 90-110° C. (an in-and-out 
dip), but leaving an undipped band, £ to \ in. wide around the 
middle of the pod. There was a great variation from tree to tree 
in the response of pods to treatment for storage, and ripe pods stored 
better than under-ripe ones. Pods treated in the above manner can 
be stored from one to three months, depending on the tree from 
which the pod has been taken. Phytophthora has not proved trouble¬ 
some with pods in storage; Botryodiplodia sometimes gave trouble 
in the first four weeks and then tended to disappear; species of 
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Colletotrichum and Fusarium were the most common cause of pod 
decay. 

Dr. Alvim has recommended the following treatment for cocoa 
seed which is to be transported over long distances: 

1. Add lime to coagulate (dry) pulp of fresh seeds. 

2. Peel off tegument of seeds. 

3. Wash, keeping the seeds in the water for a short period. 

4. Dip in 1 per cent Phygon-XL solution for 1-2 minutes.* 

5. Dry in the shade for about 2 hours. 

6. Keep in polythene bags in quantities not more than 1-2 kg. 
per bag. 

Cocoa treated in this way has resulted in 100 per cent germination 
after 3 weeks and 60 per cent germination after 7 weeks. The seed 
can be packed in a cardboard box for sending by air-freight. 


• Phygon-XL is an 
known as "Feraasan” 
able. 


organic fungicide. It is possible that the seed dressing 
would serve the purpose where Phygon-XL is not avail- 
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Chapter VIII 

THE COCOA PLANTATION (3) 

VEGETATIVE PROPAGATION 

Rooted Cuttings—The Nursery—Collecting Cuttings — Pre¬ 
paring the Cuttings—Storage of Potted Plants—W.A.C.R.I. 
Method of Raising Rooted Cuttings—Propagation in Plastic 
Bags—Other Methods of Propagation 

Many of the cocoa trees which are high-yielding and early-bearing 
and have other desirable qualities are of mixed parentage so that 
plants raised from the seed of such trees will differ genetically from 
the parent tree. Plants propagated vegetatively by cuttings, budding 
or grafting will have the same genetic constitution as the tree from 
which the material for propagation has been derived, and may be 
expected to grow and yield as well as the parent tree. The means 
most commonly employed for the propagation of cocoa are rooted 
cuttings and budding. 


ROOTED CUTTINGS 

Vegetative propagation by means of rooted cuttings consists of 
taking cuttings from the branches of the tree and treating them 
in such a way that they form roots. The method was applied to 
cocoa in Trinidad, the pioneer work having been done by Pyke, 
Cheesman and Spencer, and later improvements in technique by 
Harry Evans. Posnette used this method extensively in plant¬ 
breeding at the West African Cocoa Research Institute. Archibald 
and McKelvie, also working at W.A.C.R.I., have made important 
modifications which have simplified the process. Moll has done 
much work in organizing and raising the efficiency of commercial 
production. The pioneer work in Trinidad was based on stem cut¬ 
tings with several leaves. Stahel in Surinam evolved the idea of the 
single-leaf cutting. This type is useful in experimental work, but for 
large-scale production it is less efficient than the stem cutting, and it 
takes three to four months to reach the stage when it can be planted 
in the field. 
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26. The equipment used 
in preparing stem-cut¬ 
tings: a bucket for col¬ 
lecting cuttings, a bottle 
of hormone solution, and 
a dish to hold the cuttings 
after preparation 


27. Stem- and single-leaf 
cuttings trimmed and pre¬ 
pared for the rooting-bin 



















30 Effect: of moisture conditions on rooting 

m,dd ' e P^ oto g ra ph iS an end-on^ew :? t S h 'e bat S J™™"' the 



( 0 ) (b) 

31. Effect on leaves of abnormal conditions during rooting 

(a) Excessive loss of moisture due to failure to maintain a high humidity causes 

patchiness which can be seen above; these patches are yellow. 

(b) Inadequate light intensity leads to carbo-hydrate starvation which is shown by 

yellowing areas 



33. Two beds of rooted cuttings covered 
with polythene sheet. The sheet is weig 
ed down at the edges to keep it in place 


32. Rooted cuttings being produced 
under polythene sheet 

* 
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The Nursery 

Improved Methods for Raising Rooted Cuttings 

In the previous edition of this book raising rooted cuttings in 
bins was referred to as the standard method, one set of bins being 
used for rooting and another for hardening. As the result of experi¬ 
mental work at W.A.C.R.I., the use of bins has been discarded in 
favour of rooting and hardening the cuttings under polythene sheet. 
The method in which polythene is employed is described in a paper 
by McKelvie which is reproduced later in this chapter. 


The Process of Producing Rooted Cuttings 

Briefly, the process of producing rooted cuttings entaiis the use 
of a nursery of selected plants from which a supply of cuttings can 
be collected. The cuttings, after being treated with a root-inducing 
hormone, are placed in baskets which have been filled with suitable 
material, such as rotted sawdust, coconut fibre dust or other rooting 
medium. While they are in the baskets, they are kept in favourable 

l te “ per u at T and humidit y and given the desired 
degree of fight. The baskets are covered with polythene sheet and 

rth^T C ° UrSe TO c°u devel °P and the P^nts are “hardened” 

denin? ° f the P ol > thene sheet - process of har- 

3 H and deve i°P in S 1S continued until the plants are ready to be 

d ^ hC fi ® d : AJthou S h the Production of rooted cuttings 

f ° Se atteatIon r to deta U, they can be raised by an intelligent 
planter after a study of the literature. S 


the nursery 


s352S?Asa =«*£= 

valued ,°o r SOi * tendi " 8 

plants’«oprodu!eTsuppW e ofsoft enable the nursery 

for rooting; ov«2l L !„rT h ' S m a suitabIe “edition 
results. As a general guide 25 ntr ? ' “so CaUSe poor rootln g 
faffing on the Lsery frees wm ^e sahsfactU ““ fUU SUnli S h ‘ 

which grow 'qSlkl’y from n IutUn B nUrSe ^h plantS 316 usualI y <h°se 
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means exhausts the list of trees which may be used. Apart from 
quick growth, the main essential in a shade tree is foliage which 
allows of filtered light reaching the nursery plants. Plantains and 
bananas have also been used to provide shade, but are liable to be 
blown down and cause damage. 

Emphasis has sometimes been laid on the advantage of using 
leguminous shade trees, but non-leguminous trees can be used 
equally well. 

Shade trees have to be cut back from time to time and controlled 
to give a suitable degree of shade and light. Where there is a marked 
dry season, they have to be cut well back before the end of the wet 
season, so that they may develop thick foliage and provide a greater 
amount of shade during the dry season. 

Although the removal of cuttings automatically prunes the tree, it 
is necessary from time to time to prune the tree back severely in order 
to induce a flush of new growth. This is done at the end of the dry 
season, the trees having been manured beforehand. 

When the trees are subjected to repeated removal of cuttings over 
a period they will require frequent applications of NPK. fertilizers. 
An application of 1-1£ lb. of fertilizer per tree per annum, supple¬ 
mented with some pen manure, should meet requirements. 


COLLECTING CUTTINGS 

Cuttings are taken from recently matured flushes when the leaves 
are fully green. They should have at least three leaves, and the stems 
should be green but hard, or semi-hard. They are often referred to 
as “semi-hardwood cuttings.” The upper surface of the stem will 
usually have turned a shade of brown at this stage, but the under 
surface will still be green (see colour plates III and IV). Greening of 
the leaves may be delayed when the soil is deficient in certain 
nutrients, and it is then better to wait until the leaves are green, even 
if the other conditions of the cutting indicate that it is ready tor 

removal from the parent tree. . 

If it is desired, for the sake of economy in material, to use sing e- 
leaf cuttings, these should be cut at an earlier stage of developmen 
when the stem is still green on the upper surface. If two buds are 
left on the semi-hard stem from which the single-leaf cutting as 
been removed they will sprout quickly and give further cuttings. 
This point is mentioned because buds farther down on the har s em 

are dormant and will not develop so quickly. 

Those parts of the nursery tree which have been attacked oy 
insect pests or fungi, or trees which show signs of serious minera 
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deficiency, are to be avoided, as such material may give trouble in 
the propagator. 

Cuttings are removed from the tree by a cut just above a node, and 
may van.- in length from five to twelve inches and bear three to seven 
leaves. \\here there are well-defined wet and dry seasons, flushes will 
grow longer in the wet season, particularly at the beginning, and not 
so long in the dry season. Where it is desired to get the maximum 
number of cuttings from the nursery, it may be advisable to use the 
longer flushes for single-leaf cuttings during the wet season and the 
shorter flushes of the dry season for stem-cuttings. As the former 
take longer to develop than the latter, plants of similar size will 
be available for planting in the following wet season. 

Normal practice in Trinidad is to take the cuttings bv S.30 to 
9.30 a.m., and only on wet and humid days can they be taken 
throughout the day. They are placed immediately in a bucket of 
water to keep them in a moist condition and in due course thev are 
placed in the propagaling-bins. 


PREPARING THE CUTTINGS 

(a) Stem-cuttings. The lower leaves are removed by a clean cut 
close to the stem, leaving three to six leaves, according to the length 

l 5 C ^ Utting ‘ 7116 lon S er leaves ^ cut with scissors to half or a 
third, depending on the original size. Leaves up to six inches long 
are left untouched. The purpose of trimming is to prevent mutual 

shading, and to accommodate a greater number of cuttings in a 
given space. “ 

After the leaves have been trimmed, a small piece of the base of 

f? °A- t0 P l°' ide a fresh surf ace, and the base of the stem 
is immediately dipped in a root-inducing hormone. The hormone 

h3d greateSt success 15 “-naphthalene-acetic 
aad and fi-mdole-butync acid, used as a concentrated dip This 

nnxmre is made up by dissolving 0-4 grams of each acid i/io c« 

? m , t a J coho1 311(1 ad ding 40 cos. of water. 

from.St if CUnin ^' ^e-leaf cuttings are not taken, as such, 

CUmn ? S 0f a '° stem-cuttinaTare taken 

and later divided mto single-leaf cuttings ® 

*<= Propagator, the ter- 
abou, Hoeh a^^Ln^ 6 ^ “ d,vWed b - v the stem 

cutting “tTor,H±rL ^ leaves cut as for stem- 
cuttirtf. mmmed back so heavily as srith stem- 

The hormone described above for 


stem-cuttings is diluted with 
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50 per cent alcohol to reduce it to half-strength for single-leaf 
cuttings. 

In the case of both types of cuttings, where infection with fungi 
is suspected, subsequent trouble in the propagator may be avoided 
by dipping only the leaves in Bordeaux mixture before dipping the 
base of the stem in the hormone mixture. 


STORAGE OF POTTED PLANTS 

The potted plants will have to grow for several months (five 
months in the case of stem-cuttings and seven months for single-leaf 
cuttings) before they are ready for planting in the fields. During this 
time they should be stored in a greenhouse where the floor is made 
of concrete and the roof consists of alternating panels of glass and 
galvanized iron or aluminium sheeting which allow 50 per cent of 
the incident light to fall on to the young plants. The sides of this 
greenhouse are left open, but protected from wind by climbing plants 
or coconut leaves. This type of storage of young plants has the 
advantage of preventing rain from beating on them. Rain falling 
directly on the leaves can be particularly harmful to young flushes 
and also washes soil from the baskets. A film of water may cause the 
young leaves to stick together, effectively sealing the stomata and 
causing asphyxiation and death of the young leaves. Attack by Phy- 
tophthora is also common in young plants which are frequently 
exposed to beating rain. The danger from such attack may be reduced 
by spraying the young plants with a suitable fungicide, such as Bor¬ 
deaux mixture. It is, of course, possible to store the plants under a 
slatted shade which allows 40 per cent to 50 per cent of the total inci¬ 
dent light to penetrate. In this case the slats should be fairly narrow 
(1 inch - H inches) to avoid too heavy a drip on the plants. 

Difficulties may occur in a greenhouse if the plants are watered 
carelessly. Watering with a hose will have the same effect as beating 
rain, so a watering-can or a lawn sprinkler should be employed. 
The most common fault is over-watering, which converts the potting- 

mixture into a water-sodden unaerated mass. 

The growth of the plants during storage is dependent on the suit¬ 
ability of the potting-mixture. A good loam with pH value of 5 to 
5-5, with adequate amounts of the main nutrient elements present 
and free from toxic concentrations of minerals, will generally prove 
suitable without the addition of extra organic matter provided tne 
structure has not been destroyed by over-watering. If, however, a 
soil of the above description is not available, and the soil used 
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neutral to alkaline, it is advisable to incorporate some well-rotted 
compost. 

Alkaline soils or soils containing free calcium carbonate are liable 
to give rise to iron chlorosis in the potted plants, a condition which 
is extremely difficult to correct. For this reason sea sand containing 
shells or coral should not be used. 

The application of small doses of sulphate of ammonia, 2 grams 
per basket every 3 to 4 weeks, or spraying with 1 per cent urea, will 
encourage the growth of the plants. 


THE METHOD OF RAISING ROOTED CUTTINGS AT W.A.C.R.I. 

In the following paper read by Mr. A. D. McKelvie, at the London 
Cocoa Conference of 1957, he describes the method developed at 
W.A.C.R.I. and adopted as the standard practice in West Africa. 
It is efficient and simple and is probably the cheapest method of 
raising vegetative material so far evolved. 

“Two-leaf semi-hardwood cuttings with about one inch of stem 
are taken from fan branches brought in from the field early in the 
morning. The leaves are normally trimmed to about two-thirds of 
their original length and the stem is given a quick dip in a growth- 
promoting substance (0-5 per cent p-indole-butyric acid in 50 per 
cent alcohol). A basket, 6 in. in diameter and 7 in. high made from 
palm midribs, is filled with potting soil around a central core of 
rooting medium (50 : 50 sand and composted palm fibre) and the 
cuttings inserted in the core. Fifty to 100 baskets are placed together 
on the ground, and after a liberal watering they are covered tightly 
with a sheet of polythene weighted down at the edges. Light inten¬ 
sity over the cuttings is reduced to about 15 per cent daylight with 
slatted bamboo. The polythene as used at present is 3/1000 in. thick 
but we are experimenting with thicker material. The sheet is re- 
removed early in the morning every third day and the cuttings lightly 
watered. It has been found that about one pint of water every three 
days is adequate for 50 cuttings: more leads to water-logging and 
poor rooting. After four weeks the cuttings have rooted and harden- 
mg can begin. It should not be delayed or roots grow too far out 
of the baskets and are liable to die back during hardening This is 
done by stages: during the first week the cuttings are uncovered from 
6 30 a.m. to 10 a.m., and during the second and third weeks until 

a '! d ’? “ 00n respectively. The hardened cuttings are then 
stored under shade until required for planting in the field 

Apart from its ease the new method is more effective than the 
use of concrete bins. With the latter, for example, about 75 per cent 
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of clone R15 cuttings root successfully, while nearly 100 per cent 
take root under polythene. Even with a poor-rooting selection such 
as T17, over 70 per cent successful rooting can be obtained, com¬ 
pared with only 30 per cent in bins. Buds sprout more rapidly under 
polythene than in bins, and this early advantage persists until the 
plants are ready to go into the field. 

“No detailed costing has been done but it is estimated that a 
cutting produced in concrete bins costs two shillings and sixpence 
compared with about ninepence under polythene. There are con¬ 
siderable savings in both materials and labour. The construction of 
expensive bins is avoided, very little rooting medium (which is 
laborious to prepare and difficult to obtain in large amounts) is 
required, and repotting after rooting is unnecessary. Furthermore, 
less watering is required than with conventional methods, which may 
be an important advantage where water supply is difficult. The poly¬ 
thene sheet is relatively cheap and can be used for about 18 months 
continuously. 

“This method of propagation is used in preference to techniques 
such as budding, for a number of reasons. In contrast to the extreme 
simplicity of the polythene sheet method, budding calls for con¬ 
siderable manual skill, and it would, in any case, be unwise to apply 
the method on a large scale until we know more about stock-scion 
relationships in cocoa. Compared with cuttings in concrete bins 
or open spray-beds, cuttings under polythene show a remarkable 
tolerance. Successful results can be achieved with light intensities 
between 12 and 25 per cent daylight, and provided the soil is not 
waterlogged, the amount of water which must be added is not 
critical. 

“The polythene sheet method of rooting cocoa cuttings can be 
recommended for either large- or small-scale propagation. At 
W.A.C.R.I. this method is used to root large numbers of cuttings 
for the production of ‘clonal’ seed by the Departments of Agricul¬ 
ture of Ghana and Nigeria, but it is equally suitable for use by the 
peasant cocoa farmer.” 

PROPAGATION OF COCOA IN PLASTIC BAGS 

An economic method of propagation has been operated by 
R. Nichols, Regional Research Centre, Imperial College of Tropical 
Agriculture, Trinidad, and an account of this, first published in Nature 
for February 22nd, 1958, is given below. 

The basic physiological requirements for the vegetative propaga¬ 
tion of cocoa (Theobroma cacao ) have been broadly worked out by 
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Evans (1951). They may be summarized as follows: In an atmo¬ 
sphere near 100 per cent relative humidity, semi-hardwood cuttings 
will produce roots in the order of 70-90 per cent rooting efficiency 
if they are given adequate aeration at the base of the cutting. Light 
intensity must be reduced to 15 to 20 per cent of the incident sun¬ 
light. 

A comparison of the costs of commercial propagation in Trinidad 
has been made by Murray and Bridge. McKelvie has also shown 
that cocoa may be propagated at greatly reduced cost, on a com¬ 
mercial scale, using sawdust-cored baskets containing cocao cuttings, 
covered by polythene sheets. This method adequately dispenses 
with the expensive installation of commercial propagating bins, and 
considerably reduces water consumption and labour costs. Another 
method, making use of the properties of polyethylene, which restricts 
water-vapour diffusion but permits some gaseous diffusion, is being 
developed here. Cuttings are rooted entirely in plastic bags, trans¬ 
ported to the field in the same fashion, and afterwards established 
there. 


The base of a semi-hardwood cocoa cutting bearing 4-6 trimmed 
leaves is dipped in hormone solution. It is next placed in wet, 
leached sawdust laid in coconut fibre. The fibre is then folded 
around the base of the cutting and held in place with an elastic 
band. The final size of the sawdust and fibre “ball” is about that 
of a half-clenched fist. The cutting is inserted into a plastic bag 
( 50 gauge, 20 in. by 11 in.), water (150 ml.) is added and the neck 
c osed with string. The bag is suspended under a shade of domestic 
cloth, and no further attention is required until root formation takes 
place The roots emerge through the fibre and can be seen through 
the plastic. The light-intensity, calculated by means of an actino- 
grapb, is approximately seven per cent of the incident sunlight, but 
1S ^ cntIcaI <? ver wide limits providing the light is diffused 

c C . Utt ! n S ,s transported to the field in the bag and planted under 
heavy shade with the roots still enclosed in the fibre. The surplus 

th ®P IasUc . ba g is li PP ed over the plant and the bag iTthen 
mverted over the cutting, with the mouth lying loosely upon the soil 
surface Two banana leaves, which provide loll shade, Ranged 

form ° fan “verted “V” over the cutting, with thepeholes 
firmly pressed into the soil. Natural drving-out of thp i 

pewits progressively more light to K th cu mg Afte Xm 
gltfoo < The ™mo ag and used ^ for fur.h„ propa- 

reason why success is achieved by this method ts'ha^heCtsrf 
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the cutting are intimately interwoven with the wet fibre and sawdust, 
which retains moisture for a considerable time during the critical 
period when the roots are becoming established in the soil. 

The percentage of cuttings rooting in the bag is of the order of 
80-90, depending upon the clone, and establishment in the field about 
60-70 per cent. Plants of the more vigorous clones are ready for 
planting 22 days from setting. 

The advantages of the method are many. The plastic bag costs 
2$d. and may be used a number of times without deterioration. 
Labour charges and installation are negligible when compared with 
conventional methods. Plants are introduced into the field more 
quickly and are very easily transported by hanging the bags from 
wires in a vehicle. Furthermore, drying-out, which is frequently 
observed with plants in baskets transported over long distances, does 
not occur. The combined weight of a plant and basket is between 
3£ and 4 lb., as compared with 1 lb. for a plant in a plastic bag. 
One man may carry up to 20 plants in bags without difficulty, 
whereas he is restricted to two basketed plants owing to the weight 
and shape. This means that inaccessible bush areas may be more 
readily planted with clonal cocoa. Skilled labour is not required at 
any stage in the process, and normal care is all that is needed at 
planting. 


OTHER METHODS OF PROPAGATION 

A Method of Budding Cocoa 

A method of shield-budding cocoa has been evolved by Mr. G. F. 
Topper, cocoa agronomist. The method calls for the use of li~H 
in. long buds taken from mature terminal growths. These are budded 
on to four-month-old seedlings. The wood is removed from the bud 
before placing it on the stock. When it is in place, the bud is com¬ 
pletely covered by wrapping CT-4 clear budding tape (i in. by 0 004) 
round the stem of the stock at the point where the budding has been 
made.* This wrapping conserves moisture and makes for an early 
union with the stock and the rapid growth of the young scion. 
Three weeks after the operation the plastic tape is removed and t e 
stock is nicked and broken four inches above the bud. Most ol the 

buds start growth in the ensuing two weeks. . 4 

After a fortnight the stocks are examined, and in the few instances 
where the buds are still dormant, a ±-in.-wide ring of bark is removed 
from the stock about an inch above the dormant bud in order to 

* The tape used in Jamaica is manufactured by the Resinite Sales Corpora¬ 
tion of Santa Barbara, California, U.S.A. 
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induce activity. Where the bud has failed to take, the stock will 
be re-budded. 

Subsequent treatment consists of staking and tying the buds when 
they have grown to nine inches in length, and cutting the stock 
immediately above the budding point when the scion has made about 
two months’ growth. The plants can be potted about two months 
after this operation, if desired. 

If the bud is placed on the stock about four inches above ground- 
level, the scion can be induced to develop its own roots by earthing 
up the stock after the scion has developed. 

If the bud is placed sufficiently low down on the stock, the possi¬ 
bility of chupons arising is negligible. Seedlings can be raised in 
the field from seed at stake and used as stocks for budding. 

Marcotting 

By this method rooting is induced on a branch while it is still 
attached to the tree. It can be employed when a small quantity of 
material is required. Standard methods for marcotting are well 
known, and a technique for marcotting is described by Evans in the 
Report on Cacao Research , 1945-1951. 

Grafting 

A system of saddle- or bench-grafting worked out by Evans in 
Trinidad can be used conveniently where there are facilities for pro¬ 
ducing rooted cuttings. It is operated as follows: Two cuttings are 
taken from different trees, one of which is to be the stock and the 
other the scion. The base of the scion cutting is split and fitted over 
the wedge-shaped end of the stock. The union is tied with grafting 
tape and painted with low melting-point paraffin wax. The stock 
and scion are now treated in the same way as cuttings for rooted 
cuttings and placed in a propagating-bin. 


H 
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Chapter IX 

THE COCOA PLANTATION (4) 

PLANTING AND AFTER-CARE 

I. PLANTING IN THE FIELD 

Planting at Stake—Planting from Nursery Beds—Planting 
with Baskets 

Planting may be done by setting seed “at stake,” or by using plants 
previously grown in nursery beds or in baskets. 


PLANTING AT STAKE 

Planting seed at stake may suit conditions where cocoa is easy to 
establish, such as where it can be economically supervised in the field 

xilu Wh L er f P ? sts which attack young cocoa are not too numerous. 
When holes have been prepared and filled, two or three seeds are 
planted per stand, an inch or so below the surface and about three 
mches apart. When grown, the most vigorous plants are retained 
and the remainder discarded. An important disadvantage of this 
system is that there are only two or three plants to choose from 
whereas a nursery provides a large choice. Plants growing at stake 

™L IT 6 X° c 6 s " rrounded b y Palm fronds or other shading 

S" a V f0r , he St feW , raonths of ‘heir growth, if low shade plant! 
such as Xanthosoma sp. have not been estab lished previously. * 

PLANTING FROM NURSERY BEDS 

the pIants are / n nursery beds they should be removed in 

forkinm D th ° Ut ° f the soU h y P ressiD g a garden 

# bcd t0 a depth of about nine inches, so as to avoid 
damage to the tap-root in the process of lifting. Where the soil in the- 

bed is compacted, lifting will be made easier by a gende w a erin^ 
adhering TT* ^ ^ is . t0 a11 ™ as mufh so”ml 
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The Cocoa Plantation {4) 

It is desirable to plant the seedlings soon after removing them 
from the bed, but if they have to be transported some distance they 
can be wrapped in leaves and put in crates or hampers; fifteen to 
twenty plants to a container make for convenient handling. In the 
event of unavoidable delay between lifting and planting, the plants 
may be kept in good condition by putting them in a shaded place 
and sprinkling them with water every few hours. Where seedlings 
have to be kept longer than usual before planting, some of the leaves 
may be removed, but opinion seems to be divided on the value of 
this procedure. 

PLANTING WITH BASKETS 

When planting out in baskets, a hole is made at the planting site 
deep enough to have the top of the basket at ground level, and wide 
enough to allow some soil to be rammed firmly around it. The soil 
around the plant will be levelled off so that it is flush with the ground. 
If the basket is new, it is advisable to remove the bottom before 
planting, unless it consists only of a few strands of cane; otherwise 
it may impede the growth of the tap-root. 

Whether the planting is done in prepared sites at stake with un¬ 
basketed seedlings or seedlings in baskets, it is extremely important 
that the soil in the hole is well packed when the plant is installed, 
and it is advisable to use a ramming-pole for this purpose. Loosely 
packed soil will compact later and the result will be a saucer effect 
at ground level; the surrounding soil outside the basket may con¬ 
tract and the soil in the basket dry out. Furthermore, there may be 
waterlogging around the plant during heavy rains. Also, a plant in 
loose soil may be more easily blown over. Some planters advocate 
raising the level of the soil around the plant with a good soil mixture, 
but this idea is not universally accepted. 

Trinidad planters recommend that nursery seedlings should reach 
a height of two feet before planting in the field; it is important that 
plants be chosen according to their size, health, and vigour of 
growth, and not according to their age. Successful growers have 
stressed the need to use sturdy plants and ruthlessly to discard the 
mediocre and poorly-grown. 


Provision of Shade 
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II. PRO VISION OF SHADE 

Ground Cover and Temporary Lateral Shade—Permanent 
Overhead Shade—Some Functions of Shade—Degree of 
Shading Desirable—Species of Trees Suitable—Methods of 
Providing Overhead Shade—Establishment Methods in Papua 
and New Guinea—Views on Use of Shade in the Congo — 
Value of Certain Forest Trees in the Congo 

Under all conditions of cocoa-growing, it is accepted that the 
ground should not be left uncovered for any length of time. This 
applies to the first stages of preparation of the land and right through 
the history of the plantation. Although there is some difference of 
opinion as regards the extent to which the cocoa tree needs shade 
after it has grown and produced a canopy, there is universal agree¬ 
ment on the need for shade at the seedling stage and in the first few 
years of the life of the tree. Shading in various forms is applied as 
ground cover and temporary lateral shade and, finally, as permanent 
overhead shade. 


GROUND COVER AND TEMPORARY LATERAL SHADE 

The most satisfactory arrangement is of course to have the over¬ 
head shade grown well in advance of planting the cocoa, but where 
the forest has been removed and no tree shade has been provided, 
some form of ground cover is desirable. Various leguminous plants 
such as Puereria spp., Dolichos spp., Desmodium and others, have 
been employed as ground cover in oil palm, coconut and rubber 
plantations, but are less used in cocoa plantations. With the excep¬ 
tion of Desmodium they are all creepers and need a great deal of 
attention to prevent damage to the young cocoa plants. Shrubby 
plants such as Crotalaria spp., are much more satisfactory, and 
they can serve the purpose of ground and lateral shade. Crotalaria 
anagyroides is much used in this way in New Guinea. Erythrina 
lithosperma , Dadap, cuttings are employed in a similar way in 
Western Samoa GUricidia can also be used for this purpose. 
„ 0 ‘j ,nn ' as (Xanthosoma spp.) and eddoes (Cobcasia spp.) are widely 

are usMU S v°olant Se d ,h p f ieS ° f f bananas and Plantains. These las* 
rem^inin^JtTI ? the ' meS of c . ocoa trees and can be allowed to 

STXte ft r e tlme after U has reached the bear¬ 

ing stage. They have the advantage that they grow quickly, their 
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shading capacity can be regulated and they provide material for 
mulching. They also respond readily to manuring and thus their 
growth can be speeded up, if desired. The roots can be used as food 
for labourers or sold to offset establishment costs. 

The West African farmer usually relies for ground cover on a 
variety of food crops, such as cocoyams, maize, cassava and plan¬ 
tains. Where cassava is planted near the cocoa, there is a danger of 
the latter being damaged when the cassava is harvested. 

The harvesting of large quantities of food crops from land which 
is planted to cocoa is not to be recommended, as soil fertility will be 
lowered, and the practice will be unprofitable in the long run. 


PERMANENT OVERHEAD SHADE 

The need for permanent shade, the extent to which it should be 
applied and the circumstances under which it could advantageously 
be dispensed with altogether, have been much debated. Although a 
good deal has been learnt about the functions of shade in recent 
years, and well-founded theories have been put forward to explain 
some of its influence on the cocoa tree, much still remains to be 
discovered about its functions under varying conditions of sunshine, 
humidity and soil. 

SOME OF THE FUNCTIONS OF SHADE 

Among the more important functions of shade trees are the pro¬ 
tection of the organic matter in the surface layer of the soil from the 
sun. The stems, branches and leaves provide shelter which helps to 
keep the climate within the plantation equable. Usually, being 
deeper rooted, shade trees tap soil layers not accessible to the cocoa 
and bring up nutrients, depositing them on the surface in the form 
of leaves and branches, and, incidentally, adding large amounts of 
humus to the surface layer. If the shade trees employed are of an 
especially deep-rooted type, they, in fact, continue to some degree 
the functions of the forest in building up organic matter and in¬ 
creasing the nutrient content of the soil surface. 

Adams and McKelvie (1955) estimated that a shaded cocoa farm 
in Ghana derived from forest shade trees per annum approximately 
two tons of litter per acre, containing 70 lb. nitrogen and 4 lb. 
phosphorus. 

Hardy (1955), discussing Immortelle shade trees in Trinidad, says 
that the root nodules contain over 4 per cent of nitrogen, leaves 2 
to 3 per cent and flowers 3 to 6 per cent. The amount of nitrogen 
contributed by fall of flowers alone in one year is 20 lb. per acre. 
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A crop of 500 lb. of cocoa removes 12 lb. of nitrogen per acre. 
There is therefore a net gain of 7-5 lb., equivalent to nearly 40 lb. 
of ammonium sulphate fertilizer per acre. 

The root system of the shade tree helps to keep the soil open for 
drainage and aeration and so is of particular value on land which is 
liable to waterlogging. 


DEGREE OF SHADING DESIRABLE 

The study of this subject has not yet advanced far enough to make 
it possible to lay down rules for optimum shading under the different 
conditions in which cocoa is grown. It is certain that until the func¬ 
tion and effect of shading are more fully understood, and the plant 
breeder has evolved a cocoa tree that will perform satisfactorily with 
little or no shade, it is generally safer to apply shade to a greater or less 
degree, unless in any particular locality it is proved to be unnecessary. 
It has been observed that experienced planters have been able to 
adjust the degree of shading within a single cocoa field from quite 
heavy to relatively light shading. This was done by carefully ob¬ 
serving the response of the cocoa trees to vaiying degrees of shading. 

In a rich soil where cocoa grows a luxuriant canopy and the ground 
is well protected, there is a generous deposition of litter, and nutrients 
are kept in circulation. In a poor soil where the canopy is less 
luxuriant and the soil is less well protected, there is rapid loss of 
organic matter and nutrients. There may, therefore, in certain 
circumstances, be less need for shade on a rich soil than on a poor 

Shade trees, apart from reducing the light intensity within the 
plantation, reduce air and soil temperatures and affect atmospheric 
humidity, but although maximum temperature is depressed the 

(I95 °)’ flusIun S was suppressed when the weekly mean 
maximum temperature fell below 28*3° C 183° 
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would be unwise at this stage, however, to conclude that what 
applies to coffee will apply equally to cocoa. In so far as experi¬ 
mental work has been done in the manuring of cocoa under shade, 
the findings are that under heavy shade there is less response to 
fertilizers, but there is a response, particularly to nitrogen, according 
as the shade is reduced and the light intensity increased. Experience 
in plantations in Grenada shows that the unshaded cocoa fields give 
a much greater response to mineral or pen manure than those under 
shade. 

There will undoubtedly be competition for soil nutrients between 
shade and cocoa trees at certain stages of the growth of the shade 
tree, but since the shade trees develop their root system with greater 
ramifications at lower levels than the cocoa tree, their contribution 
to the surface layer in the form of humus and nutrients will show a 
balance in favour of the shade trees. On the other hand, where the 
supply of soil moisture is marginal for cocoa, especially in the dry 
season, the moisture supply may not be sufficient for both cocoa and 
shade trees, and it is found that the shade trees usually win in the 
competition for the moisture available and the cocoa trees suffer. 
Under such conditions recourse must be had to the maximum use 
of windbreaks and the minimum of shade. 

Grenada is often quoted as a country where cocoa is grown 
without shade, but here the fields are small and many of them were, 
previous to the hurricane in 1955, surrounded or partly surrounded 
by nutmeg trees, or otherwise protected by windbreaks. Further¬ 
more, and still more important from the point of view of shade, the 
country is hilly, and a large proportion of the plantations are on 
steep slopes so that they are in shadow for part of the day. Although 
cultivation and manuring is practised in this island, the yield of 
cocoa even on good soils is low, so that it is doubtful if Grenada has 
benefited from abandoning shade. Western Samoa is another 
country where planters believe in growing cocoa without shade. 
This practice was probably favoured in the early days as there is a 
lower incidence of black pod in the absence of shade. Yields of cocoa 
on some of the fields of the New Zealand Reparation Estates in 
Samoa vary between 3 and 5 cwt. per acre, a few fields give yields of 
7 cwt. per acre, and this on a volcanic soil of a type which is assumed 
to be highly fertile. Yields on some of these fields were originally 
about 17 cwt. per acre. It seems doubtful whether a convincing case 
has been made out for the practice of dispensing with shade in this 
instance. It is possible that Western Samoa would have maintained 
a higher level of yields if a number of shade trees were grown with 
the cocoa, and black pod were kept under control by spraying. 



43. A mixed plantation of coco¬ 
nuts and cocoa in New Guinea 
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A cocoa plantation in Western Samoa with ground cover of Dadap 

(Erythrma hthosperma) 

Windbreaks on River Estate. Trinidad: (Left) Dracaena forming a tall dense 
hedge. (Right) West Indian Mahogany (Swietema mahogani ) 
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46. Forest land in Ghana cleared for 
planting cocoa. A number of forest trees 
have been left as permanent shade. The 
cocoyams seen in the foreground will 
provide ground shade 

48. Young cocoa trees growing under thin¬ 
ned forest shade in the Congo 


47. Young cocoa growing in partly 
thinned jungle. Malaya 


49. A young cocoa plantation at Keravat, 
New Britain. Shade trees are Leucaena 
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50. Ground shade of Crotalarias 
planted in advance of cocoa, New 

Guinea 


51. Small farmer’s plot of young 
cocoa growing under shade of Leu- 
caena glauca in the Gazelle Peninsula 
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52. Young cocoa growing in plantation 

with coconuts and bananas, Jamaica 53. Cocoa growing among rubber, Ceylon 
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Provision of Shade 

In those countries where cocoa has already been grown for a good 
many years considerable guidance as regards the degree of shading 
desirable is available to the new planter, but where planting is to 
take place in absence of such guidance, the degree of shading is 
much more difficult to assess. Shading is necessary under all condi¬ 
tions in the first few years of establishing cocoa. In absence of 
evidence to the contrary, it would be wise to assume that permanent 
shade is required. 

Grass found growing within the plantation indicates insufficient 
shade. On the other hand certain small plants, such as Zebrina 
pendula in Trinidad, indicate that shading in the plantation is 
optimal. 


TYPES OF TREES SUITABLE AS PERMANENT OVERHEAD SHADE 

The type of tree best suited to provide permanent shade is easily 
described, but it is a less simple matter to find one which combines 
all the attributes of the ideal tree. This should have a spreading 
canopy admitting filtered light and broken sunshine, retain its leaves 
well into the dry season and have a deep-rooting root system to 
prevent the tree being blown over easily. It should not compete 
unduly for soil nutrients and moisture. Trees with brittle stems and 
branches which are liable to be broken by the wind are to be avoided, 
borne trees are suitable in one country but not in another. For 
instance , Leucaena glauca is much favoured in New Guinea and Indo¬ 
nesia and in some other countries which have a short dry season but 

rVnHV SUlta ? 6 !? cou I? tries with a long dry season as under these 
11 See n S profuseI y and becomes a weed. Trees with small, 
“ ^ aves aIlow Penetration by light; trees with dense foliage 
such as mangoes or colas, cannot be used with advantage Decidu 

be U t S , e r r t’thed h She r thdr “T* ta the dr > - pSty 

rnvir nf i h dner u clima tes than evergreens. They drop a dense 
cover of leaves on the ground which helps to retain the moisture and 

yir SP n haTb b i the Sha ?VT itSeIf iS Checked at I S 

whhnomar^L SUgg “ ted ‘ hat evergreens are best suited to areas 
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Trees indigenous to the country are, on the whole, preferable to 
those which have been introduced, as they are less likely to suffer 
from pests and diseases. The wide range of trees, such as those of the 
Albizzia spp., and Erythrina spp., and trees of similar habit of 
growth, will usually supply a number of types suitable for trial. 


METHODS OF PROVIDING OVERHEAD SHADE 

Selective thinning of the high forest has been widely practised in 
West Africa and recently adopted in Malaya. Here the under¬ 
growth is cleared, a number of trees with suitable canopies are 
marked for retention and the remainder are felled. Where the 
forest stand is uniform, this process is fairly easy to apply; but where 
there is an uneven stand, it is much more difficult to thin out in order 
to arrive at a suitable degree of shading throughout. It may be neces¬ 
sary to plant a number of quick-growing trees, such as Musanga 
smithii, or a similar type of secondary tree, to occupy the insufficiently 
shaded areas. These would be replaced later by trees of a more per¬ 
manent nature. The necessary degree of shading and the number of 
forest trees to be left would, of course, depend on the judgment of the 
planter. When the forest is thinned, the canopies of the remaining 
trees spread out, and further thinning or trimming of the branches 
may be required. It may take several years before the forest stand 
has been adjusted in such a way as to provide the desired degree of 
shading. Treatment of the forest by thinning should be done 9-12 
months before the cocoa is due to be planted. 

Secondary forest can be treated in a similar manner, and it is, in 
fact, easier to adjust good secondary forest for cocoa-planting than 
to adapt high forest for this purpose. 

In Papua and New Guinea, cocoa is planted between coconuts 
(coconuts usually spaced at 30 ft. apart) when these are at least eight 
years old. Coconuts provide ideal shade where their canopies have 
developed well, but where there is insufficient development of the 
canopy, it has been found that supplementary shade of Leucaena 
glauca is necessary. There is no evidence that there is any competition 
between cocoa and coconuts in Papua and New Guinea. In fact, the 
view is held that coconuts yield better where they are intercropped 
with cocoa. 

In Ceylon cocoa has been planted among rubber for a number of 
years. There does not appear to be any competition for nutrients 
between the two crops, and there is no evidence that there is a trans¬ 
fer of disease from one crop to the other. Rubber at a normal stand 
does, however, tend to overshade the cocoa. 
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Where the forest is to be cleared completely, and overhead shade 
is to be established, it is desirable that the shade trees should be 
planted twelve months ahead of the cocoa. Unless the forest is to 
be burned, planting of shade could take place when the undergrowth 
has been removed and the forest has been felled sufficiently to permit 
of lining. The damage done to shade seedlings during the felling of 
the remaining forest will be negligible. 

The spacing of shade trees will depend mainly on the size of the 
canopy which the tree to be used will develop. It is better to plant 
too many than too few, as they can easily be thinned to the required 
density as occasion demands. 

The trees in most general use for planting as overhead shade are 
Erythrina spp., Albizzia spp., Peltophorum spp., and Leucaena spp. 
The forest tree, Terminalia superba , in addition to being favoured 
in the Congo as a tree to be left in situ when the forest is thinned, is 
also planted to provide shade. 

In the past there was too great a tendency to regard “permanent” 

shade as really permanent. Shade trees grew to a great size and there 

was no attempt to control their growth. When they fell they did 

much damage to the cocoa trees. An example of this is to be seen in 

Trinidad, where for many years Erythrina poeppigiana was used 

almost exclusively at higher altitudes and Erythrina glauca at lower 

levels. Both of these types of trees grew to a considerable size and 

developed large canopies, but they had the disadvantage that they 

carried thorns on their stems which made climbing to control their 

growth difficult. In recent years the former have developed a 

“broom” disease, believed to be due to a fungus, and many of the 

trees have died. E. glauca, under wet conditions, suffers seriously 

from a bark-destroying fungus, Calostilbe striipora. One diseased 

tree in the course of its fall has destroyed as many as sixteen cocoa 
trees. J 


The tendency in the future will be to use trees which respond to 

quite severe trimming in order to prevent the shade becoming too 

arge, and also to ensure that the degree of shading is maintained at 

the proper level. Trees without thorns on the stems are of course 

If •‘n?? 0 fe 7, ed ' Er y* r l n l Hjhosperma, which goes under the name 

thnrnc d • S * USeflJ shade ^ some varieties of which have no 
thorns on them stems. 

. X? n HaU ’ quotin f from gives an interesting description of 

m . Ceyl0n - The shade used was Erythrina litho- 
sperma, Dadap, and was preferred on account of its rapid erowth 
luxuriant foliage, absence of thorns and because it could be^oDDed 
twice a year. The gist of the description is as mo^sT^ge ouZgs 
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of dadap which will develop in a year or two into fair-sized trees are 
planted between young cocoa plants in the same line. The number 
of shade trees at this stage will be the same as that of the cocoa 
plants. When the canopies of the dadaps have developed so that 
they meet, the thinning process begins and continues until the stands 
are forty-five feet apart (the cocoa spacing is 15 ft. by 15 ft.), a stage 
which is reached in about five years after the original planting. At 
this stage a young dadap-cutting is planted in the square of old 
dadaps to take the place of these when they have outgrown their 
greatest usefulness. The cutting down of dadaps, together with the 
periodic lopping of branches, supplies a great amount of material to 
enrich the soil. 

Where it has been decided that the shading is too dense and thin¬ 
ning is required, this is best done in stages and very gradually. The 
removal of a great deal of the overhead shade in one operation will 
upset the growth of the cocoa tree and also make it liable to pests, 
such as an attack of thrips. 


METHODS OF ESTABLISHING SHADE IN PAPUA AND NEW GUINEA 

In Australian New Guinea cocoa has been successfully inter- 
planted in coconut plantations, the spacing of the coconuts being 
30 ft. by 30 ft., and that of the cocoa 15 ft. by 15 ft. As the cocoa 
is planted not less than eight or ten years after the coconuts, the 
palm fronds give suitable shade. 

In The Papua and New Guinea Agricultural Journal for October 
1954, Mr. F. C. Henderson has written on “Cacao as a Crop for 
the Owner-Manager in Papua and New Guinea.” Crotalaria ana- 
gyroides and Tephrosia Candida are, he states, the two temporary 
shade plants most common; Leucaena glauca is the most widely 
used permanent shade, and sometimes Albizzia spp. and Peltophorum 
inerme are also employed for this purpose. In Papua and New 
Guinea it is customary to cut and burn the forest completely in 
preparing the land for planting. 

A number of shade combinations and planting methods are recom¬ 
mended. In all, the first step is for the labourers to prepare the seed 
bed by hoeing a continuous strip twelve to eighteen inches wide 
straight across the field over the open cocoa holes. 

Method I 

Temporary Shade: Crotalaria anagyroides. 

Permanent Shade: Leucaena glauca. 

Crotalaria seed is dibbled in the prepared beds in a continuous 
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line three feet to six feet on each side of the cocoa hole. Leucaena 
seed is planted through the remainder of the beds between the holes 
joining up with the Crotalaria. 

Method II 

Temporary Shade: Crotalaria anagyroides. 

Permanent Shade: Leucaena glauca. 

Crotalaria is dibbled in in a continuous line from cocoa hole to 
cocoa hole. Seed of Leucaena is planted with the Crotalaria in the 
mid-section between the holes. 


Method III 

Temporary Shade: Crotalaria anagyroides. 

Permanent Shade: Leucaena glauca. 

Established from rooted seedlings or cuttings. This is the same 
as Method II except that the Leucaena is established by planting 
three to five rooted seedlings three feet to four feet high, of finger 
thickness, instead of seed. Cuttings may be used but the strike of 
these is uncertain. Leucaena seedlings are hardy and can be pulled 
out of the ground, topped with a knife, dropped into holes made 
with a pointed stick, and the round firmed around them. They will 
strike readily. 

The advantage of Methods II and III over Method I is that a 
quick coverage is obtained over the whole area and so maintenance 
costs are reduced. However, Method III is applicable only when 
ample supplies of Crotalaria seed are available. 


Method IV 

Temporary Shade: A mixture of Crotalaria anagyroides and Teoh- 
rosia Candida. * 

Permanent Shade: Leucaena, Albizzia, Erythrina or Peltophorum. 

adSto^rT/ 35 M * hod * but 25 P er 06111 Tephrosia seed is 
added to the Crotalaria. The advantages gained are: 

(l) l h r L te t ? P ^ rary 7 shad6 Iasts lon g er as the Tephrosia carries on 
alter the Crotalaria dies out; 

(ii) Tephrosia, being woody, holds the Crotalaria and prevents its 
being blown over by the wind 

°J P ermanen t shade are used they are spaced 

HerL 1 P f ; u d ° ? 0t &yc ade q u ate shade for some time. 
Hence it is essential, where these are used, to add Tephrosia to the 

temporary shade mixture in order to ca^ry the tempoZ shat 
until the permanent shade is established. P ^ 
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Method V 

Leucaena glauca as Temporary and Permanent Shade. 

Leucaena glauca can be used as both temporary and permanent 
shade. The seed is dibbled in in a continuous line from cocoa hole to 
cocoa hole. It grows in a hedge and is continuously reduced until at 
maturity only one to three plants have been allowed to persist 
between the cocoa holes to form the permanent shade. 

The planting of cocoa is delayed by this method as the Leucaena 
is rarely sufficiently advanced in under six months to give adequate 
shade to the cocoa seedlings. This method is used where temporary 
shade seed is difficult to obtain. 

It should be mentioned here that Mr. F. C. Henderson, who has 
made a careful study of cocoa culture in various parts of Papua 
and New Guinea, is opposed to the idea of planting cocoa in thinned 
forest. He believes in removing the forest entirely. 


VIEWS ON THE USE OF SHADE IN LUKOLELA PLANTATIONS IN THE 

CONGO 

In a paper prepared by Monsieur M. L. Poncin, General Manager 
of the Lukolela Plantations, and read at the Cocoa Conference in 
London in 1957, shading of cocoa on this estate, based on thirty- 
five years’ experience, is discussed. 

The estate is situated along the banks of the River Congo, 1 degree 
north of the equator. 

“From the standpoint of pedology, the plantation is on a heavy 
clay soil, yellow-ochre ranging in some places to red-ochre in colour. 
This overlies a deposit of hydrated iron oxides the concretions of 
which have coalesced in places to form large lumps that are often 
visible on the surface. The sub-soil is a white, plastic, impermeable 
clay which is visible on the surface in the low-lying areas, when it 
then has a profile typical of a gley. 

“The following are the chemical constants of one of the good 
soils: 

pH generally 4-5 to 5-5, sometimes 6*5. 

R 2 0 3 1-3 M.E./100 g. 

P 2 O e 1-3 mg/100 g. 

Exchangeable bases 3-5-8 M.E./100 g. 

Fine earth 50 to 60 per cent (top-soil), 60 to 90 per cent (sub-soil). 

Concretions 50 to 70 per cent (sub-soil). 

“The red-ochre areas with concretions are the richest and possess 
pH values up to 6-9; exchangeable bases, 16-3; P 2 0 6 , 4-1. 

“We must emphasize one of the characteristics of Lukolela 
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Plantations which is caused by the nature of the soil and which 
surprises all visitors: the tap-roots of our cocoa trees are no more 
than 90 centimetres long; they are usually branched and end in 
nodules. Our shading policy derives partly from this handicap. 

“Lukolela has an equatorial climate and a rainfall of between 
1,400 and 1,600 mm. [approximately 55 and 63 in.] per year. 

“Both the temperature and the relative humidity are remarkably 
high. There are two more or less distinct peaks in the rainfall which 
occur during the equinoctial seasons. There is no really dry season, 
but two and sometimes three months (June, July and August) are 
relatively dry.” 

Light. Poncin quotes Professor G. Lemee, Professor of Science at 
Strasbourg University, who has carried out research at the Centre 
Agronomique at Bengerville and says, “ Knowledge of the influence 
of light and water supply on carbon dioxide assimilation by the cocoa 
tree, together with that of the water balance within the tree, con¬ 
stitutes a fundamental basis for the proper solution of the shading 
problem.” 6 


Lemee observed that, “During the damp, cloudy season, the rate 
of assnnflahon, under varying intensities of light, is at a maximum in 

• iu that, as the light intensity increases, the increase 

in the assimilation rate becomes less and less marked until at light 
intensities exceeding 25 per cent of fuU sunlight it becomes negligible. 

_ . ° n l *! e other hand, during the dry season strong sunshine 
educes the rte of assimilation. During this period, optimum 
^sinulat ion occurs in conditions of medium light intensity; below 
th^s optimum level insufficiency of light becomes a limiting factor, 

iL d 4 c s, of moisture from “ ent 

“Consequently, if it is true that a reduction in light intensity is 

teOTbo a nS e fact0r .r shadin g' il should not g be overlooked 
that carbon dioxide assimilation increases very little when the 

***** 25 to 50 per cent, and pSicTarlytat c£ 

.ha^g fZfZ tesonToZT- P ° DCin stresses ~ the* fact];that 

temperatures developing in dr ^ in S out and prevents excessive 

■c a. 
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have already done, that above 26° C., a rise in temperature of one 
degree entails an increase in the loss of nitrogen in the soil from 40 
to 50 kg. per hectare per year, and that in the Belgian Congo it has 
been established that as much as 1,000 kg. of nitrogen per hectare 
are lost annually from unprotected soils. 

“In all fairness the point which we are considering ought to be 
stated in another way. Assuming a flourishing plantation you had 
established, would the cocoa trees be capable of protecting the soil 
and of creating a micro-climate capable of ensuring their culture in 
perpetuity? 

“Without doubt the answer is in the affirmative, so long as the 
physical and chemical constants of the soil are excellent and pro¬ 
vided that no serious climatic, mycological or entomological change 
occurs.” 

Regulation of Metabolism and Organic and Mineral Nutrition. 
“The opponents of shading sometimes emphasize the competition 
for nutrition and water which it is likely to involve. There is some 
truth in this, and some tree species are clearly harmful to cocoa. The 
grower must, therefore, choose carefully among the species available 
to him and take local experience into account. This point will be 
dealt with later in a section on establishing shade. 

“But, in so far as shade trees are compatible with cocoa, it is 
certain that the part they play in the regulation of metabolism and 
in providing organic and mineral matter is most valuable to the 
maintenance of soil fertility. 

“ In the absence of organic manure, which is virtually unobtainable 
on a large scale, the waste matter of all kinds provided by shade 
trees helps to compensate for what is extracted from the soil by the 
cocoa beans.” 

Protection against Certain Pests and Competitive Sun-loving Plants. 
Poncin mentions that capsids, especially the Sahlbergella species, 
thrive more readily in the absence of shade, and thrips are also fond 
of light. Most of the weeds, particularly grasses, which have a 
deleterious effect on cocoa are usually found where the ground is 
inadequately shaded. 

The Management of Shade. It is the practice in Lukolela to allow 
the forest growth to spring up between the rows of young cocoa 
because it is maintained that it is more important to shade the base 
of the young plants than to shade the foliage. This forest growth is 
of course kept under control so that it does not interfere with the 
growth of the cocoa. A few forest trees are allowed to grow on as 
shade trees. 

At the end of the first year there is a preliminary thinning of tall 



54. Cocoa harvest in West Africa. Pods being opened with a small machete 


55. Building a fermenting heap; the beans are being placed on plantain leaves, 

West Africa 






56 Covering a completed heap with plantain leaves which are held in place 

with pieces of wood, West Africa 


C nrna drvine on mats in Ghana 
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shade trees, some being felled and some being treated with arbori- 
cide. Poisoning of forest trees with arboricide has the advantage 
that it acts slowly and thus gradually increases the light. At the end 
of the second year the undergrowth between the lines of cocoa is 
uprooted and spread around the base of the cocoa trees, and those 
trees which are to provide shade are left. It is emphasized that the 
forest growth should be controlled so as not to restrict the lateral 
growth of the cocoa trees. As the shade trees grow they are given 
constant attention and cut back, and the canopy is adjusted to pro¬ 
vide what is considered to be optimum light in the plantation. 
Where there is sloping ground exposed to desiccating winds, two 
levels of shade are favoured, the lower level being well above the 
tops of the cocoa trees. The degree of light entering the plantation 
is increased as the cocoa trees grow older. Poncin postulates two 
signs which can be taken as evidence of over-shading, namely, lack 
of vigour and absence of new leaves, and an inadequate yield from 
a tree of a given age. 

Treatment of an Inadequately Shaded Plantation. He suggests that 
where shade is inadequate, cover crops should be planted. He has 
found that the woody leguminous plant Flemingia has given good 
results at Lukolela and he prefers it to any of the herbaceous plants. 
It is said to grow almost anywhere and does not appear to compete 
with cocoa for moisture during the dry season. In inadequately 
shaded land, where Terminalia or Ficus do not grow well, but where 
the soil is moderately good, Hevea has been used. 

Comment on M. Poncin's Experience and Views. The above gives 

the experience and views of a highly successful planter who has 

brought a great deal of skill to bear on his enterprise. In addition 

to benefiting from the success and failure resulting from various 

measures undertaken for the improvement of cultural techniques, he 

Has kept abreast with experimental work on cocoa and has put the 
results to practical use. r 


AN ASSESSMENT OF THE VALUB OF CERTAIN FOREST TREES IN THE 

CONGO 

asr “ fouows m ^ i ° 

for the timeheinTthfi I " di S enous Shade Trees - It is sufficient to say 


I 
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“ We are therefore in favour of preserved natural shade. 

“ Incompatible Trees. Experience has led us to reject various trees. 
After the terrible drought of 1942, it was very noticeable that cocoa 
trees had died mostly under certain kinds of tree, while they had 
survived under others. Here is a list of a few incompatible trees: 

Celt is mildbraedii 
Drypetes gossweileri 
Lannea welwitchii 
Macrolobium coeruleum 
Macrodesmis sp. 

Pentaclethra macrophylla 
Piptadenia africana 
Plagiostyles africana 
Strombosia grandifolia 

“We rule out certain other trees because they are hosts for various 
pests: 


Cola brunelii (undoubtedly the source of Sahlbergella in our area) 
Cola acuminata ( Sahlbergella ) 

Cola sp. „ 

Sterculia becquaertii „ 

Annonidium manii ,, 

Ceiba pentandra „ 

Bosqueai angolensis ( Corticium ) 


It is also wise to avoid Cola species and members of the families 
Sterculiaceae and Bombacaceae because they are suspected of being 
carriers of the swollen shoot virus. 

“We have further noticed that certain trees depress the yield of 
cocoa when they reach old age: 

Milletia versicolor (which we had spread everywhere by means of 
cuttings) 

Albizzia ealaensis 
Pseudospondias microcarpa 
Myrianthus arboreus 

“There is still a great deal to be discovered and proved in this field. 
Once the problems of shading are studied, it is easy to attribute all 
kinds of failure in cocoa growing to this cause, and to hasten to add 
names to the list of incompatible trees without any real justification. 

Mr. H. R. Lancaster, a director of the Huileries du Congo Beige, 
has assessed a number of these trees as follows: 
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Croton mubango 
Ficus spp. 

Trema guineensis 
Phyllanthus discoideus 
Ricinodendron africanum 
Pterocarpus soyauxii 
Fagara macrophylla 
Macaranga spinosa 
Alstonia congensis 
Picnanthus kombo 


Myrianthus arboreus 
Turreanthus africana 
Uapaca guineensis 
Panda oleosa 


Diospyros spp. 
Strombosia spp. 
Strombosiopsis spp. 
Calloncoba welwithii 


Calloncoba glauca 
Annonidium manii 


Acioa spp. 

Allanblackia floribunda 
Desplatzia dewevrii 


Incompatible Trees Isoberlinia seretii 

Macrolobium dewevrii 
Barteria fstuloza (fourmis ) 
Uapaca guineensis 
Myrianthus arboreus 
Ceiba pentandra 
Cola spp. 


It fl!? 0 Smit A hi l haS been found useful as ^ade for young cocoa 

a sr eat the foi,a£e in - ^ 

haf i- r karia as 

quired for cocoa, but a, LukolS'a fhis tfee^s 
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III. WINDBREAKS 

Necessity for Protection from Wind—Degree of Effectiveness 
— West Indian Practice 

NECESSITY FOR PROTECTION FROM WIND 

Windbreaks must be planted after careful study of the prevailing 
winds. Cocoa trees react unfavourably to cold or drying winds 
which may blow at certain seasons of the year, and they also suffer 
when exposed to periodic gales from the sea. The provision of wind¬ 
breaks is as necessary under certain conditions as the provision of 
shade or drainage. In West Africa, large areas of cocoa died off 
when the forest which protected the cocoa from wind was removed in 
the course of annual food-crop farming. 

In the normal course of clearing the forest for planting, the under¬ 
brush is removed, and even where shade trees are planted there may 
be conditions where, just above ground level, there is little to 
obstruct drying winds from sweeping through the plantation. In con¬ 
ditions like these a windbreak is of especial value and it can have 
an important function in maintaining atmospheric humidity and an 
equable temperature. 


DEGREE OF EFFECTIVENESS 

A barrier consisting of a high hedge formed with a single line of 
trees, with lower-growing trees between the taller ones, will provide 
the maximum shelter for the greatest area. It should be so planned 
as to allow the wind to pass through; it must not form an “impene¬ 
trable wall” over which the wind will glide and strike the field with 
force on the leeside. There is no advantage in having a wide belt 
of trees; a windbreak of one to three trees deep will give protection 
for a greater distance on the leeside than one which, for instance, is 

fifty yards deep. ... 

The extent to which a windbreak formed by a hedge of trees will 
provide protection on the leeward side and on the windward side 
and the distance on either side for which the protection will be ettec- 
tive, has been the subject of study in a number of countries, ine 
degree of protection provided will be dependent on a number ol 
factors, the more important being the penetrability of the barne 
and the direction and velocity of the wind. A fairly good windbreaK 
may reduce wind velocity by 15 to 20 per cent, and even by as mucn 
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as 30 to 40 per cent where a barrier is well placed. The distance on 
the leeward side for which protection will be provided may extend 
from 20 to 30 times the height of the barrier, and on the windward 
side for from two to five times its height. 

Windbreaks are normally grown on the boundaries of the estate 
or along the edge of fields, but sometimes it may be necessary to 
have windbreaks within fields, especially where these are large or 
the contour of the land makes it desirable. 


WEST INDIAN PRACTICE 

In Grenada and Trinidad some estates have provided windbreaks 
with trees forming two storeys, the upper one being formed by mango 
(Mangi/era indica) or galba ( Calophyllum antillanum), and the lower 
one, which fills the spaces between the trunks of the taller trees by 
H ib,sens or Dracaena. The latter forms a hedge which grows to 
a height of twenty feet or more. Other trees used in these two 
countries as windbreaks are sapodilla (Achras sapota). West Indian 
mahogany (Smetenia mahogani), cloves {Eugenia aromatica), Bar- 

^cciderUale)^ ^ Termma ia cata PP a \ and cashew nut {Anacardium 

■ “JJ 01 aIwa > s sufficient to provide windbreaks around the out- 

la .J£? Potations. It may be necessary also to have wind- 

«rr U ntr y “s er the wind in “ 

h lm P ortant that the tree s used as windbreaks should be dee D - 
ueJ! d J nd n0t eaS1 ^ bl0Wn over ‘ In deciding the extent to whidi 

™ l " c J OT their timber or fruit should be chosen 

ri^P sheltrTd^ V° bC ? Ven to their suitability for pro¬ 
viding shelter, and the avoidance of those which may attract pests 
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TV. AFTER-CARE 

Attention Required in Early Stages—Later Stages—Pest 
and Disease Control—Shaping and Pruning—Rooted Cut¬ 
tings 

The operations involved in after-care of newly-planted cocoa vary 
greatly with the climate and the methods adopted in growing it. 


ATTENTION REQUIRED IN EARLY STAGES 

Light hoeing around the young seedlings encourages the spread 
of the feeding roots. The extent to which weeding is required will 
depend on the amount of shade in the plantation and on the local 
rainfall. It is important to emphasize the necessity for hand-weeding 
the area immediately around the young plants, in advance of the 
general cutlassing of the weeds throughout the farm. Labourers 
swinging cutlasses are very apt to sever the stems of young plants 
or injure them to such an extent that they become diseased and die. 
In this way many trees in plantations have been lost in the first few 
years of establishment, and, as complete supervision of the labour 
is impossible, the only safeguard is weeding by hand in the immediate 
vicinity of the cocoa. 

During the twenty-four to thirty months after planting, some 
young trees will have become casualties, and these will have to be 
replaced. Shade will have to be trimmed back and adjusted so as to 
allow the proper amount of light to reach the cocoa, and missing 
shade trees must be supplied. 

Removal of chupons and shaping of the young cocoa trees will 
need particular attention during the first few years. 


Drains , . 

Drains require to be cleaned and the drainage system enlarged 

according to the needs of different parts of the estate. The fork is a 
better implement than the spade for cleaning drains as labourers are 
inclined to smooth over the sides of the drains, with the spade, and 
thereby impede the flow of water into the drain. The debris trom 
the drains can be left in heaps for a time to decay before it is applied 
to the trees. Where such debris is highly acid it is improved by 
having some lime mixed with it. 
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The road system should be extended, and attention to culverts and 
road surfaces should be part of the general development of the plan¬ 
tation. 


LATER STAGES 

Except in those countries where cultivation is common practice, 
such as Grenada and Ceylon, deep-forking or digging of the soil 
near the plant is not recommended. Where deep cultivation is the 
rule from the beginning, the plants develop a deeper root system, 
but sudden deep cultivation of a plantation previously uncultivated 
would be disastrous. The periodic application of heavy dressings of 
farmyard manure or compost is at present confined to a few countries 
only. The average planter would not resort to manuring unless he 
had satisfied himself by tentative experiment, or unless properly 
laid-out experimental trials indicated that manuring was profitable. 


PEST AND DISEASE CONTROL 

< r" ntr ° 1 ° f P ests and diseases will take a certain amount of time. 

, K h \7 nkeyS ' SqUU S. S and parrots can aU be troublesome where 
ttanofna V* C P lanter ma y require to have recourse to 

E poisoning, in order to reduce their number 

h , h . bo , re ‘“to the stems or cut the bark of the young plants 
wdi have to be hand-picked or sprayed. Black pods resultina from 
Phytophthora fungus should be removed early to reduce spread into 

cushions. Cankered wood will have to be removed, and wounds and 

Where wS °h the S ‘ em ‘ reated With antise Ptin dressing or paint 

wan.-B.-iia 

s 

neglect. 7 nd more ^onomic than relative 


onwriiNU AND PRUNING 

an^aSte°S 0 °2S a sC "he 0 ™ "W « 

produce a well-balanced framework on IhicHh' 11 f hapmg is t0 
borne. The manner in which the JL* t ^ h ** fruit ma y be 
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branches fan out from the terminal bud of the seedling plant, and 
the first decision on shaping relates to the number of these branches 
to be left on the tree. Three well-spaced branches make for a good 
tree, but there are occasions when it may be desirable to leave four 
such branches at the jorquette in order to get a balanced tree. It will 
be found that some of the fan branches grow much more strongly 
than others, and, where possible, the weaker ones would be removed. 
After the fan branches have developed at the jorquette, chupons 
emerge from the stem and grow upwards parallel to the main stem. 
It is common for a chupon to emerge just below the jorquette 
which will grow upwards until it jorquettes in its turn. A chupon 
will again arise at the second point of jorquetting and this process 
of growth may be repeated four or five times after the first chupon 
arises. The fan branches on the lower stem of a tree developed in 
this way will atrophy and fall off. 

On most types of cocoa the first jorquette takes place about three 
to four and a half feet from the ground. The second important 
decision on shaping has to be made when the first chupon emerges. 
If the height of the plant from ground level to the jorquette is con¬ 
sidered satisfactory, then the chupon is suppressed, as are chupons 
emerging subsequently. On the other hand, if it is considered that 
a longer stem is desired, the first chupon can be allowed to develop 
and ramify or jorquette, and the fan branches and the canopy will 
develop from this point, any further development of chupons being 
suppressed. 

In peasant farming in West Africa it is customary to allow the 
chupons to grow, and as a result the cocoa plant grows into a tall 
tree, often thin and spindly. This method was partly the outcome of 
growing cocoa at very close spacing so that the canopy closed in 
early and excluded capsids, and ensured a minimum stand after 
heavy casualties in the early years of growth. Now that there are 
means of keeping capsids under control, the necessity for such close 

planting will not apply. 

It is argued by some that there is virtue in growing a tall tree in 
that it provides a large area of stem on which pods will grow. It 
is standard practice in all parts of the world where cocoa is grown 
under careful management to control chupon growth at the point 
where the seedling forms the jorquette. If a somewhat longer stem 
is desired, a chupon is allowed to grow and jorquette, further chupon 
growth being controlled from that time onwards. It has been argued 
that Amelonado cocoa requires different treatment from Trini- 
tarios and other types of cocoa. This would seem to be a fallacy, as 
some of the highest yields from cocoa in West Africa, obtained from 
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the S.P.R.O. Estate at Gangoa, in the Ivory Coast, were from trees 
which had chupon growth suppressed. 

Where growth is controlled at the first or second jorquette, the 
fan stems will thicken as the tree matures, and these and their 
branches will provide adequate stem surface for the growth of pods. 

Certain types of Upper Amazon cocoa may require different 
treatment from that described above. The method of shaping to 
be adopted must suit the habit of growth of the tree. 

Excessive Pruning 

The various methods and systems of pruning cocoa have as yet 
had little or no attention from the scientist, so that the only guidance 
available is the experience of successful planters. The skilful use of 
the pruning-knife to regulate vegetative growth will induce greater 
crop yield, but rash and unskilful pruning can give the trees a severe 
set-back. Excessive and sustained pruning and cutting back may 
bring about stagnation of growth with consequent reduction in yield, 
and induce abnormal chupon growth from the main stem. It may 

also induce excessive flushing and make the tree more susceptible 
to insect attack. v 


Frequency of Treatment 

Some planters favour undertaking main pruning operations on 
mature trees at intervals of two years, while others are in favour of 
annual treatment in the dry season. Yet other experienced planters 
consider that light pruning should be performed annually, and that 
heavy pruning should be done only once or twice in the lifetime of a 

wSrf° r r th V reCS h T been ne S Iected and fail to produce new 

P Ianters ado P l the plan of careful pruning of 25 per 
cent of the plantation annually. ° ^ 

Unwanted and Wanted Chupons 

Some trees are prone to produce chupons readily from the main 
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Where good planting material is available an unsatisfactory tree 
would preferably be replaced by a new plant. 

Shaping in Relation to Spacing, etc. 

A tree with a somewhat spreading habit is preferable to one with 
an upright habit, especially where there is the danger of fungi being 
carried from the pods above to the pods below. Where trees are 
close together, fan branches will have to be cut back in order to 
prevent overlapping and permit access to the plantation between the 
rows. The pruning and shaping of trees which are planted 8 ft. by 
8 ft., or 9 ft. by 9 ft., will obviously differ from those planted, say, 
15 ft. by 15 ft. Where conditions are humid and the sky is much 
overcast for long periods it may be desirable to open the canopy by 
thinning, to admit light and discourage the growth of fungi. Trees 
growing in a moist, loose soil may become top-heavy and fall over 
during a storm unless the canopy is thinned. 

Neal Fahey of Trinidad recommends light pruning and the 
removal of thin and whippy branches in plantations at higher levels 
on exposed hillsides; this may also apply to trees in drier areas. He 
maintains that trees growing in a “parasol” shape are best suited to 
dry conditions. 

ROOTED CUTTINGS OR VEGETATIVELY PROPAGATED MATERIAL FROM 

FAN GROWTH 

The shape and manner of growth of a young plant grown from 
seed differs from that of a rooted or budded fan cutting. The shaping 
and pruning of a fan cutting is different from that of a seedling. A 
fan cutting divides at low level and produces a large number of 
branches. These should be reduced to three or four of the more 
vigorous distributed over the main stem. 

Sooner or later chupons will be produced, and if one of these is 
allowed to grow, it will eventually dominate all other growth and 
produce a plant which has all the characteristics of a seedling. 
Some planters like to retain the rooted-cutting type of growth, while 
others prefer to develop chupons as soon as possible in order to 
have a tree of the seedling-tree shape. 
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Chapter X 

THE COCOA PLANTATION (5) 

PREPARATION OF THE CROP FOR MARKET 

I. HARVESTING 

Precautions to be Observed—Labour Required 

In countries with a well-defined dry season of several months the 
main harvest usually begins at the end of the wet season and con¬ 
tinues in the first few months of the dry season, with possibly a 
minor harvest during the first months of the following wet season. 

PRECAUTIONS TO BE OBSERVED 

Harvesting consists of picking and breaking the ripe pods, 
removing the beans and transporting them to the fermentary. 
Labourers new to the work may require some instruction on how 
to distinguish ripe pods, but after some practice they can do so 
quite readily. Most pods assume a distinctive colour when ripe. 
For instance, green-podded Amelonado turns yellow, and red pods 
usually turn an orange or near-orange colour. These changes are 
slow and the pod will remain in a suitable state for harvesting for 
two or three weeks. 

The fruit is borne on cushions on the stem of the tree. These may 
cease to bear if damaged, so it is most important that the harvesting 
tools should be sharp and so shaped that the cushions cannot be 
injured, as a damaged cushion can provide a point of entry for fungi. 
In many parts of the world the machete is the usual harvesting imple¬ 
ment, but a sharp knife is better, and very careful planters use 
secateurs. A long-handled knife which can cut with both an up¬ 
ward and a downward thrust is required for pods above a certain 
level. The pod stem should be cut close to the tree, the thickened 
jointed portion being left attached to the cushion. This stump drops 
off later, leaving a well-healed scar which is impervious to fungi. 

It is important that only ripe pods be picked; under-ripe pods 
may not have sufficient sugar in the pulp for successful fermentation 
which is the next operation. On the other hand, over-ripe pods tend 
to become dry, and germination of the beans may be induced. 
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It must be emphasized that beans from diseased pods should not 
be fermented with the healthy ones. Very often such beans are 
infected with mould, which may cause breakdown of the testa 
and allow other moulds to enter. 


LABOUR REQUIRED 

Labourers employed on harvesting should be on “daily pay” 
rather than on “task” or contract, as there is the possibility of the 
trees being damaged and of unripe pods being harvested, if the 
operation is rushed. 


The number of labourers naturally depends on the number of 
trees and the weight of the crop. Neal Fahey of Trinidad suggests 
the following division of labour for harvesting: a gang in charge 
of an overseer would consist of 5 men picking, 2 to 6 gathering 
pods into small heaps, 3 to 5 collecting the small heaps into large 
heaps. There are also women who usually lift the pods by sticking 
the point of a light cutlass into them and flicking them into a basket 
One man is engaged in cutting the pods open, and four women extract 
the beans, generally using a wooden spatula, because when large 
quantities of beans are dealt with, the juices from the fresh beans 
may be “hard on the hands.” 


The pods are usually opened by cutting the husk with a knife or 
machete, but by this method a proportion of the beans may be 
damaged and rendered susceptible to attack by insects and mould. 

It is preferable to open the pods with a wooden mallet or by striking 
two pods together. J ® 

“ P ractice L to harvest one day, and break the pods and 
transport the beans to the fermentary on the following morning. 


IT. FERMENTATION 

—Fir™ 6 "/ 01 ™ ork ~ Pur P le Beans—The Fermenting-house 
Fermen ling-boxes Fermen talion—A New Approach- 

Observing Progress—Causes of Unsuccessful Fermentation 
Equipment: Cleanliness—Fermentation of Different Types 
of Cocoa—Handling Small Quantities PP 

EXPERIMENTAL WORK ON FERMENTATION 
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African Cocoa Research ^nsritute.' 6 ' “ d “ Ghana at the Wes, 
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Significant contributions have also been made by members of 
the staff of Cadbury Brothers Ltd., both in the Bournville Labora¬ 
tories and in the field. Attention has been directed towards (1) 
developing methods whereby small quantities of beans can be fer¬ 
mented ; (2) studying factors which affect the success of large-scale 
fermentations, and (3) investigating the physical and chemical 
changes involved in fermentation. 

For laboratory studies, and sometimes for the plant breeder as 
well, it is useful to be able to ferment the beans from one or two pods, 
and methods are available to do this. Earlier hopes that it was only 
necessary to control the temperature of fermentation have proved 
unfounded, and it is important to control the pH of the beans as well. 

A fermentation vessel has been designed for the use of the planter 
or plant breeder who wishes to ferment small quantities, say, the 
beans from 150-500 pods. This is useful when it is desired to assess 
the value of cocoa from a small number of selected trees. It is possible 
to ferment as little as 20 lb. of wet cocoa in a basket if adequate care 
is taken, but variations are liable to arise in the course of successive 
fermentations. These must be avoided when confirmation of the 
flavour of the samples is required, and for accurate reproducible 
results the use of the small fermentation vessel is recommended. 

The standard fermenting-box used in the experiments was 3 ft. X 
3 ft. x 3 ft., and it was usually loaded with 400-500 lb. of wet beans, 
the mass being first turned after two days and then two days later. 

It was noted that during fermentation in boxes there was some 
variation in temperature within the mass. Near the top of the box— 
apart of course from the actual surface layer—it was likely to be 
several degrees higher than in the lower part. 

In beans fermenting in heaps, variations are much greater. Indeed, 
unless great care is taken they can be of such magnitude as to cast 
doubts on the value of the heap method if fermented cocoa of really 
even quality is to be produced. 

Other experiments of interest to plantation owners were also 
carried out. In one, cocoa pods were broken and the wet beans trans¬ 
ported by lorry for about fifty miles. They were then allowed to 
stand overnight before being put into the fermenting-boxes. This 
had no adverse effect on the course of fermentation or on the flavour 
of the finished beans. In another experiment, 3,000 pods were kept 
for a week after harvesting, then broken and the beans fermented. 
Again no adverse effects were found. Several hundred pods, however, 
had to be discarded because of the development of mould in the 
beans during the week the pods were on the ground. 

The use of the term fermentation, although well established, is 
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not entirely satisfactory. Breakdown of the pulp is a true fermenta¬ 
tion, but reactions in the cotyledon are not. 

It had been common practice on certain estates in Trinidad to 
leave cocoa in the pods for a week or more after harvesting. This 
was said to be “Venezuelan practice.” Dr. Howat notes: “Hancock 
reports that in Trinidad storing of the pods for a week resulted in a 
rapid nse in temperature to 55° C. instead of a long period at 37° C. 

unng subsequent fermentation.” A comparison shows that the 
percentage of dry beans recovered from a given quantity of wet beans 
depends upon the variety. Typical out-turns are: Amelonado 44 per 
cent, Amazon 38 per cent. v 


rUKrLli BEANS 


In recent years an increasing proportion of under-fermented purple 
beans has come on the market. They vary from bright purple with 
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walls and a roof of aluminium sheeting. As the juices which run off 
from the fermenting cocoa are corrosive, it is desirable to have the 
fittings made of wood or other resistant materials. Flooring will last 
longer if the tiles and cement are acid-resisting. 


FERMENTING-BOXES 

Fermenting- or sweat-boxes are usually of inch-thick planks, and 
so constructed that the planks fit into slots so that they can be 
slipped out when it is desired to transfer the cocoa from one box to 
the next, or to vary the size of the box, or to wash the planks. Where 
nails are used, they are inserted in such a way that they do not come 
in contact with the beans as these may become stained by contact 
with metal. The boxes should be made of durable wood, such as 
Chlorophora exce/sa, Carapa guianensis , or Hieronyma caribaea. 
Three-eighth-inch holes about six inches apart in the bottom of the 
box allow the liquid to drain away in the process of fermentation. 

The dimensions of the boxes may range between 3 ft. deep by 
5 ft. by 4 ft. and 3 ft. deep by 9 ft. by 6 ft. It is generally accepted 
that the depth of fresh cocoa should not exceed three feet for good 
fermentation, and as wet cocoa weighs about 50 lb. per cubic foot, 
a box 5 ft. long by 4 ft. wide would take some 3,000 lb. of cocoa. 
It is difficult to ferment quantities of less than 300 to 400 lb. of 
wet cocoa, but quite large amounts can be fermented at one time 
in containers of a suitable size, provided there is not too great a 
depth of cocoa. 

Much labour will be saved if the house is built lengthwise down 
a steep slope, with the fermenting-boxes arranged in steps down the 
side, the top of each successive box being level with the bottom of 
the preceding one. The cocoa can thus be easily transferred from 
one box to the next by simply removing a few planks from the front. 

The number of fermenting-boxes and the capacity of the drying 
facilities should be sufficient to cope with the crop of an estate at 

the time of maximum harvest. . 

Lining of fermenting-boxes. On the estates of the Huileries du Congo 
Beige, experiments have been conducted on the lining of fermenting- 
boxes with certain materials. The most satisfactory result was o - 
tained with a lining of aluminium sheet. These estates now use 
sheet for lining the last two of the seven boxes used in fermentation. 
It is claimed that this improves the quality of the dried cocoa, an 
the beans are less subject to mould. This company gets a premium 
for quality when the cocoa is sold in European markets. 
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FERMENTATION 


The routine of fermenting cocoa is simple. Fresh beans are 
emptied into fermenting-boxes and then they are covered with 
banana leaves several layers thick. In some places it is customary to 
line the sides of the boxes with banana leaves and even to line the 
bottom. As far as the sides of the boxes are concerned, this practice 
is hardly necessary unless the wood is thin, and extra insulating 
material is required to retain heat. Lining the bottom is quite 
definitely undesirable unless adequate care is taken to ensure that 
there are holes pierced in the leaves for aeration of the beans and for 
drainage. After forty-eight hours, the mass should have developed 
sufficient heat, and it is then mixed and turned into another box. 
The second turning will take place after a further period of forty- 
eight hours. During turning, the temperature will drop and it is 
desirable that the operation should be done as quickly as possible. 
Although the frequency with which the cocoa is turned in the box 
varies according to the views of the planter as to what gives the best 
result, Dr. Howat considers two turnings adequate under the con¬ 
ditions in which he carried out numerous experiments on a com¬ 
mercial scale in West Africa. Amelonado cocoa is usually fully 
fermented in six to six-and-a-half days. Planters in Trinidad have 
found that a longer period is necessary for fermenting some of the 
Forastero-type selections. 

'Hie fermenting-boxes should be sheltered from draughts and wind 
which would delay or prevent the proper rise in temperature. At the 
same time it is important to ensure that there is some movement of 
the air round the boxes for aeration of the beans and for the removal 
of carbon dioxide. Mixing must be done thoroughly when changing 
from one box to another, otherwise some of the beans will be under- 
lermented. During turning and handling of the cocoa in the boxes 
beans which adhere to each other should be separated, foreign matter 

should be removed and beans which are diseased or otherwise 
defective should be discarded. 


A NEW APPROACH TO THE FERMENTATION OF COCOA 

aad . T * A - Rohan conducted some interesting 
3 “ ia West on fermentation of Amelonado cocoa 8 

SnJ • tu h “? ue , was based on th ^ r experience that the cocoa 
the surface layer of the standard fermenting-box are killed 
vwthm twenty-four hours. In other words, the process of feim^nS- 
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Trays of the dimensions four feet by three feet and four inches deep, 
with slatted bottom, were used. The trays were filled with 200 lb. 
of wet cocoa beans and stacked on a rack. The distance between 
the trays was from six to twelve inches. A close-fitting cover of 
banana leaves and sacking was placed over the top of the tray. 
Successful results were obtained with five-tray stacks; stacks of up 
to twelve trays containing 1200 lb. of wet cocoa, gave good results. 

It was found that Amelonado cocoa could be fermented in two to 
three days by this method. The cocoa was not mixed on the trays. 

By arranging the wet cocoa on the tray so that only half the avail¬ 
able space is taken up during fermentation, the beans can be spread 
over the whole tray after fermentation, thus making it possible to 
dry the cocoa on the same tray. 

OBSERVING PROGRESS 

The development of fermentation can be roughly tested throughout 
the period. The temperature at different stages can be estimated by 
plunging the arm into the fermenting mass, and the progress of the 
operation can be judged by cutting through a few beans, noting 
the degree of change in colour, the gradual separating out of the 
laminae of the cotyledons and the change from a bitter to a milder 
taste. The deep blue or purple of the fresh Forastero gradually 
changes to a lighter colour, and when fermentation is complete the 
kernel is readily detached from the seed-coat and the kernel itself can 
be easily broken up. When dry, the well-fermented bean will show 
an even break if both ends are held between the fingers and it is 
snapped through the middle. 

CAUSES OF UNSUCCESSFUL FERMENTATION 

There are occasions when the fermentation of a consignment 
of cocoa may go wrong. Some of the predisposing factors are the 
presence of over-ripe or under-ripe beans, or beans affected by 
Phytophthora palmivora, beans which have dried out by being too 
long in the pod after harvesting, or which have got wet during a 
rainstorm while being transported from the field. 

If the season changes from being humid and warm to being dry 
and chilly at night, the period of fermentation may have to be 
slightly extended. 


equipment: clbanliness 

Wooden shovels have been much used in the past to transfer 
cocoa from one box to another, as the sharp edge of the ordinary 
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metal shovel would damage the beans. In Western Samoa, square¬ 
mouthed metal shovels with a strip of steel welded on to the lip are 
found to be satisfactory, especially if thoroughly washed after use. 
During the operation of turning and mixing, the cocoa must be 
picked over, and foreign matter, the placenta, and diseased beans 
which may have found their way into the mass, must be removed. The 
fermenting-boxes must be washed and scrubbed from time to time. 


FERMENTATION OF DIFFERENT TYPES OF COCOA 

Fermentation of Amelonado or Criollo cocoas is carried out on 
similar lines, the former taking anything from six to eight days, and 
the latter two to five days; but the even and satisfactory fermentation 
of mixed samples of Trinitarios, and of hybrids which tend variously 
towards Amelonado and Criollo types, is difficult. It is necessary to 
keep Amelonado and Criollo types apart during harvesting and 
ferment them separately. In a number of countries where the first 
introduction was Criollo, followed later by Forastero, the mixture 
is often uneven. The only thing that can be done here is to com¬ 
promise and find out by experiment what type of fermentation 
is best suited to the greater bulk of the particular mixture being 
dealt with. In the course of time, by means of vegetative propaga- 
tion and later by breeding, the mixed cocoas of today may be 
converted to a high-grade uniform type. 


HANDLING SMALL QUANTITIES 

There are occasions when harvestings are not sufficiently large to 
undergo fermentation by themselves. These small lots should be 
put in a container which is well insulated to enable the small mass 
to generate the necessary heat. They should not be added to larger 
parcels of cocoa which have already undergone partial fermentation 
but should be fermented by themselves throughout. When dealing 
wiffi these small quantities it will be necessary to stir and m£thecas? 
in the same container, as less heat will be lost in this way than if the 
cocoa ,s transferred to another container for the purpose* oftJLnTg 
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III. DRYING AND STORAGE 

Sun-drying—Artificial Drying—Types of Driers and Methods 
of Drying—Testing for Dryness—Polythene Liners and 
Cocoa Bags—Storage 


SUN-DRYING 

In countries where the main harvest takes place chiefly in the dry 
season it is usual to dry cocoa in the sun. The beans are transferred 
from the fermenting-boxes and spread on drying-floors or trays. In 
order to expose them fully to the sun, they are raked over with a 
wooden rake—usually a piece of board fixed on a long handle. 

Where the midday sun is strong, it may be necessary to cover the 
cocoa with mats for about two hours in order to prevent too-rapid 
drying and crinkling of the seed coat. Mats are also usually held in 
readiness for spreading over the cocoa in case of rain. 

A convenient arrangement for getting the trays under cover at 
night or during rain-showers is to have them fitted with wheels to 
run on rails, so that they can easily be pushed under a roof when 
necessary. Alternatively, a roof can be arranged so that it slides 
to-and-fro over the trays. 

During the time the cocoa is drying it is continually picked over 
to remove foreign matter and immature and defective beans, and to 
separate beans which are sticking together. 

The period of sun-drying may take from one to two weeks, depend¬ 
ing on the weather. The depth of the beans on the drying-floor 
should not be such as to make the process of drying unduly pro¬ 
tracted. A rough idea as to the drying-space required may be gained 
from the fact that 112 lb. of wet cocoa requires 5 i square feet of 
drying-space. In humid climates it is desirable, at the start of the 
operation, to spread the beans in a thin layer on the drying-floor, 
and to increase the thickness as the cocoa becomes drier. 

Where concrete floors are used for drying they are covered with 
mats to insulate the beans from the cement, and also to make for 
better drying. It is inevitable that in gathering up the cocoa from a 
concrete floor a certain amount of grit will be swept up also, ana 
this in any form is extremely objectionable. Although machinery is 
used to extract foreign matter at an early stage in manufacture, there 
is the danger that some may be incorporated in a foodstuff and also 
that the machinery may suffer damage. 
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ARTIFICIAL DRYING 

Where conditions are suitable, a combination of sun-drying and 
artificial drying may be appLied. Most people favour at least one 
day of sun-drying before artificial drying begins. 

This is the traditional view. Experiments have been conducted in 
recent years to investigate the effect of artificial drying on flavour, 
and they have shown that quick drying is not detrimental to quality. 

Howat, Powell and Wood used a Chula drier in West Africa. 
This drier, normally used for copra, was adapted for cocoa by arran¬ 
ging a number of trays in the drying-chamber. Air heated by passing 
over flues and the outside of an oil-fired furnace was blown through 
the beans. In the experiments, the beans from one fermentation 
were divided into two parts, one part being dried in the sun, the 
other in the Chula drier. Hot-air temperatures up to 80° C. were 
used, and at this temperature the drying time was 15 hours. Sub¬ 
sequent tasting tests on chocolate made from the two lots of beans 
revealed no consistent differences. 

Similar experiments in Surinam yielded the same results. 


The Buttner Drier 

The firm of Huileries du Congo Beige, which is growing cocoa 
on a large scale in the Congo, has adopted the Buttner Drier 

m a mffi.!? nCl 5 r k Pl T lar g e ’ scale drying on their estates. It is 
manufactured by the firm of Buttner-Werk of Germany and is 

designed on the lines of similar plants for drying vegetables in 
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course, kept in continuous operation and the attendants work in 
shifts. 

An attractive feature of this type of drier is the fact that it can be 
very economically operated. Two men loading and one man attend¬ 
ing to the boiler are all the labour required. The occasional attention 
of an engineer is necessary to keep the plant in good working 
condition. 

Cocoa-drying on the Lukolela Estates 

The Lukolela Estates in the Belgian Congo have arrangements for 
fermenting and drying which are interesting in that they represent 
the routine followed in a large and carefully supervised organization. 
The cocoa is an Amelonado type, and the drying process is partly 
sun-drying and partly artificial drying. 

The drying-house is a long building at each end of which there is 
an outside furnace connected with lines of piping which run on floor 
level to a chimney at the opposite end. The obvious virtue of having 
two furnaces, one at each end of the building, is that it gives a better 
distribution of heat than where the furnace is at one end only. 

Two sets of rails run from outside right across the full width of the 
inside of the building, each at different levels, the lower set being 
5* feet above the hot pipes. Each set of rails takes ten trays, and the 
drying-house can accommodate eighty trays at a time. There are air 

outlets on the ridge of the drying-house. 

A drying-tray is 12* ft. long by 8* ft. wide and 8 in. deep, and the 
base consists of a wire mesh which prevents the beans from dropping 
through. For the first day of sun-drying, the wire base is covered 
with a mat so that the fresh cocoa does not come in contact with the 
metal, and by evening the mat is removed, as being no longer 

necessary. . f 

The following are the consecutive steps taken in the processes oi 

fermentation and drying at Lukolela. The pods are picked on 
Monday. On Tuesday they are broken and the beans earned to tne 
fermentary. The fermenting-boxes are arranged in batteries of seven. 
The cocoa is fermented for about seven days, but remains for torty- 
eight hours in the first box. This provides a spare box for fresh cocoa 
on the following day and makes for more economical use or tne 
equipment. The cocoa is put in the fermentmg-box at 2 p.m. ana 
after going through the usual treatment is removed at 6 a.m. on tn 
following Tuesday. It is spread thickly on a large wooden 1X 
rubbed over to remove adhering matter, and then placed on tn 
drying-tray in a layer 2 cms. deep. 
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By the second day of drying, the depth is increased to 4 cms., 
and on the third and last day to 8 cms. The cocoa is sun-dried in 
the daytime, as far as possible, and the trays are pushed into the 
drying-house at night. 

The usual time taken at Lukolela, when it is possible to combine 
sun-drying and artificial drying, is three days. The plant is capable 
of turning out 10,000 lb. of dry cocoa per day. 

The cocoa from Lukolela gets a premium for its good quality. 

The Martin Drier 

The Martin (hot-air) drier has also given good results. Three of 
these driers have been built on the New Zealand Reparation Estates 
in Western Samoa (see Fig. 3). The largest Martin drier has a 
drying-platform which measures 45 ft. by 25 ft. and can take a maxi¬ 
mum load of 11,200 lb. of fermented cocoa spread out in a layer two 
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inches deep. It takes twenty hours to dry the cocoa fully on the 
Martin drier, though it should be mentioned that on these estates 
the cocoa is washed before drying. 

Method of Drying in the Cameroons 

When the Germans held estates in the Cameroons, they installed 
drying-houses which contained a large oblong platform, usually 
covered with slates, with a furnace at one end and a chimney at the 
other. The floor is heated by an arrangement of flues which traverse 
the area under the floor between the furnace and the chimney. The 
wet cocoa beans are put directly on to the slates and have to be 
constantly pushed backwards and forwards to prevent them from 
being scorched on the hot floor. 

Method of Drying in Ceylon and Java 

The drying-house in most common use in Ceylon and Java has a 
loft with a perforated metal floor covered with coir matting. The 
cocoa is laid on the matting and hot air is supplied from galvanized 
pipes attached to the ceiling of the lower chamber. Although this 
type of drying-house has been in use in these countries for many 
years, it is not particularly efficient as much of the hot air generated 
is wasted. 

Method of Drying in Bahia 

A type of drying-house common in Bahia, Brazil, is more efficient 
and less wasteful of heat than either of the above. The Estufa da 
Balaco is an oblong building consisting of two chambers, divided by 
a partition through which three to six tiers of rails, one above the 
other, run the whole length of the building. 

One chamber is heated by a large pipe or cylinder which is sup¬ 
ported just above floor level, and traverses the bottom of the cham¬ 
ber in a “U” shape; there is a furnace at one end of the pipe and 
a chimney at the other. 

The other chamber is used for loading and unloading the trays. 
Trays of 10 ft. square, or 10 ft. by 15 ft., with wire mesh or expanded 
metal bases, are loaded with cocoa in layers one to two inches deep 
and pushed through the oblong doors of the partition into the drying- 
chamber. The doors, being hinged on their upper edges, flap to the 
closed position on being released. 

The temperature in the drying-chamber is regulated by controlling 
the fire and adjusting the flue which penetrates the wall just above 
ground level. 

A drying-house of this type with two rows of five tiers of trays 




66. Tray with wire mesh base 
ready for loading. The door 
through which the trays will 
be pushed along the rails into 
the drying chamber is in the 
background, Bahia 


















69. Drying-platform, with 
sliding roof and drying trays 
at two levels which can be 
slid under the drying plat¬ 
form, Bahia 


70. Raised drying floor with sliding 
roof. The beans are gathered in rows 
to allow the floor to be dried by the 
sun; when the floor is dry the rows 
will be split and the cocoa spread on 
the dry surface 


71. Prefabricated equipment for use 
by African farmers, Ivory Coast 
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72. Cocoa growing under 
shade of mixed forest 
trees in Ghana 
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73. Exploitation of forest 
land; maize being grown 
after felling forest 
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76. A farmer unrolling his drying 
mats in the morning 
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would accommodate some 4,000 lb. of dry cocoa. If the cocoa had 
some preliminary drying on trays in the open, the process would 
be completed in the chamber in 24 hours. 

An improved model of a drying-house of the above design has been 
built by the firm of Wildberger at Belmonte in Bahia. This house has 
a drying-chamber at each end, and a chamber in the middle where 
the trays from the drying-chamber at either end can be accommo¬ 
dated alternately for loading or unloading. The heat is regulated by 
controlling the furnace and adjusting a regulator in a flue at the top 
of the building. 


The Samoan Drier 

A cocoa drier which is particularly suited to the needs of small 
communities, smallholders or small estates, has been recently evolved 
as a result of some experimental work at Boumville. It has been 
named “The Samoan Drier,” as it is modelled on a drier in use in 
Western Samoa. In the wet climate of the Southern Cameroons, 
where it has been extensively used, it has proved satisfactory. 

Its advantages are that it can be built at low cost with materials 
which are usually obtainable even in remote areas; its construction, 
maintenance and operation require the minimum of skill; there is 
no danger of the beans being contaminated by smoke. 

The drier consists of a metal flue with a chimney fitted at the 
end; a drying-platform is built over the flue, and the area between 
the platform and the flue enclosed by a wall to contain the hot air; 
a roof which is extended to provide space for fermenting-boxes and 
diy wood. It is convenient to build it on gently sloping ground to 
permit of easy drainage. 

The flue can be made from six tar or oil drums, with bases and 
fids cut from all but one which is to be used next to the chimney. 
The ends of the drums are fitted one a few inches inside the other 
and riveted. This operation can be rendered easier by making 

!^r?if 0n , ta CUtS m the . ed S e of the drum wh ich is to enclose the edge 
of the drinn next to it, so that the edge can be prised inwards A 

smoke-tight jo mt can be made by covering the junction of the drums 

fbuJ to five°?n^ Pe U T' t0 f ° Ur incheS Wide * heId in Position by a 
four- to five- nches-wide iron-metal strip which is secured with angle 

u-on and bolts. In the absence of a suitable iron-metalTtrip the 

asbestos can be covered with a strip of aluminium sheet and held in 

posmon with two strands of wi re P Alun^um“tnp ld whe te 

■sssKsas?- - ■» “ 

The flue constructed as above is laid in a three-feet-deep trench 
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which has been lined with mud blocks, concrete or bricks. The 
floor of the trench is sloped gently upwards so that the chimney end 
is one foot higher than the end at which the fire will be applied. If 
the flue is raised slightly off the floor of the trench by resting it on 
concrete blocks its efficiency will be improved. 

The chimney can be made from two galvanized iron or aluminium 
sheets, riveted end to end, and rolled into a cylinder, and a cowl 
fitted at one end. Alternatively it can be made of drums of suitable 
diameter, built into a cylinder in the same way as is described for 
the construction of the flue. It is important that the cross-sectional 
area of the chimney should not be less than one-tenth of the cross- 
sectional area of the flue. For example, where the flue is made 
from drums of 22 in. diameter, a chimney of 9 in. diameter will be 
satisfactory. A hole is cut in the end drum of the flue and the 
chimney is fitted into it and held in position with putty. 

A drying-platform is built over the flue. A framework made from 
4 in. by 2 in. timbers, supported on eight uprights, which can 
be extended to support the roof, is erected to support the plat¬ 
form 4 ft. above the flue at the firing end and about 3 ft. 6 in. at 
the chimney end. Cross-members of 3 in. by 2 in., spaced 15 in. 
apart, are fixed to the frame, which will carry the mats on which 
the cocoa beans will rest for drying. Mats, made from the main 
stem of palm fronds cut in strips and laced together with fibre, will 
provide a suitable surface on which to dry the cocoa. A drying- 
surface can be made from wooden laths laid side by side on the 
framework, but wooden laths contract with the heat and mucilage, 
and small beans get stuck between them. This does not happen 
to the same extent with mats, and they have the advantage that they 
can be easily removed and washed. If the strips of fronds are too 
widely spaced, two layers of mats can be laid on the framework 
and this will reduce to negligible amounts the material that will fall 
into the trench below. 

The space between the flue and the drying-platform is enclosed 
by a wall, thus forming a chamber to contain the hot air. Asbestos 
sheet makes a good insulating wall. Other materials can be used, 
such as aluminium or corrugated iron sheets, and concrete or mud 
blocks or mud. It is desirable to have an easily-removed panel or 
door at the end of the wall to provide access to the chamber. 

Roofing may consist of mats made from palm leaves or other 
material available locally, or aluminium or corrugated iron sheet. 
It is important to remember that inflammable roofing material 
and the woodwork of the building should be sufficiently far away 
from the chimney to ensure that there is no danger of fire. Where 
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mats are used for roofing, the chimney can be passed through a 
sheet of aluminium or sheet iron fixed to the ridge of the roof. 
This will normally be extended to provide accommodation for 
fermenting-boxes and a supply of dry wood for fuel. It is desirable 
to store the dried cocoa in a separate building. 

A piece of expanded metal, about 4 ft. long, is placed inside the 
first drum of the flue on which the logs for the fire rest. A sheet of 
asbestos or metal placed over the entrance to the flue can be used 
as a damper to control the rate of burning of the wood and regulate 
the temperature of the chamber. A temperature of between 60° C. 
and 70° C. makes for good drying conditions. Temperatures 
approaching 80° C. and upwards are liable to produce brittle beans. 
It is an advantage to have a thermometer fitted. 

Wet cocoa is spread on the drying-platform to a depth of about 
2 in. The beans are raked over from time to time to ensure evenness 
of drying. A drier of the above dimensions will turn out batches of 
500 lb. to 600 lb. of dry cocoa, in 40 to 44 hours. 

The trench in which the flue rests has to be swept after each lot of 
cocoa has been removed from the platform, as it is inevitable that a 
certain amount of dried pulp and broken beans will have fallen 
through the mats and will form combustible material. 

The diagrams reproduced to illustrate the construction of the 
d , rie ^. are used for an experimental drier at Boumville, and 
the dimens.ons do not correspond in all respects with the one des- 
cnbed above They do, however, provide a guide for construction 
of dners of this type. It is probable that with further experience 
improvements will be effected in building driers of this kind 


Machines for Drying Cocoa 

The most widely-used machines for drying cocoa are usually in 
the form of a revolving cylinder into which hot air is forced. Two 

and the°Gordo^ eS W ° rk ° n this P rinci P ,e are the McKinnon 

riv^t r L^ CKirin0n, 0f , Spring Gardens Ir °n Works, Aberdeen, 
give the following particulars of their machine: 

Diameter and Length of 


Cylinder ft 

Capacity of Wet Cocoa 
beans per charge lb. 

Power Required (Cylin- 

x» der ) _ . b.h.p. 

Power Required (Fan) b.h.p. 

Gross Weight cwt 

Weight freight tons 
uu Fuel Consumption gal./hr. 


7x6 

6x6 

6 x4 

5x4 

5x3 

7,000 

5,000 

3,300 

2,250 

1,700 

2 

H 

U 

1 

1 

3 

2i 

n 

1 

i 

78 

58 

47 

41 

35 

5*6 

4-9 

31 

2-6 

2-6 

21 

1*6 

M 

0-75 

0-58 
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Drier Dimensions 

Loading Charge 

Capacity per 
Compartment 

cubic 

ft. 

cubic 
deci¬ 
metres 
( litres ) 

cubic 

ft. 

cubic 

deci¬ 

metres 

{litres) 

7' 0' x6' 0' (2134 x 1829 m/m) 

176 

4984 

44 

1246 

6' 0' x6' 0" (1829 x 1829 m/m) 

124 

3512 

31 

878 

6' 0" x4' 0" (1829 x1219 m/m) 

82 

2320 

20-5 

580 

5' CT x4' 0" (1524 x1219 m/m) 

56 

1584 

14 

396 

5' 0' x3' 0" (1524 x 914 m/m) 

42 

1188 

10-5 

297 


The time required for drying may be from 10 to 30 hours, depend¬ 
ing on the amount of moisture in the beans at the time of loading. 
Freshly fermented beans must undergo several hours of drying before 
being placed in the drier as the mucilage on the beans would clog 
the air-holes in the cylinder. The usual procedure is to rake the beans 
on a drying-floor in the sun before putting them in the rotary drier. 

The manufacturers stress the desirability of slow drying, as the 
beans become lustreless and brittle if they are dried too quickly. 
Instructions for getting the best results are issued with the machine 
by the makers. 


TESTING FOR DRYNESS 

A simple and practical method of testing for dryness is to take a 
handful of beans, press them hard, and if the shells crackle the sample 
is dry. A more accurate test is to cut through the bean with a knife, 
when it will be found that the cotyledons will separate easily if dry. 
A method much used by brokers is to press the bean end-wise on a 
hard surface. If the bean is well fermented and dry, it will crumble. 
The moisture content of dried cocoa should be about 6 per cent and 
should never be as high as 8 per cent. 

Cocoa beans undergo a loss of between 55 per cent and 64 per 
cent in weight in the process of fermenting and drying. 

When the beans vary considerably in size, grading into two or three 
sizes may be desirable. Where this has to be done on a large scale, 
power-driven mechanical graders are used. 

POLYTHENE LINERS AND COCOA BAGS 

It was shown many years ago by Dade that the critical moisture 
content of cocoa beans is about 8 per cent and that above this level 
moulds can develop. Cocoa beans are hygroscopic, and in an atmo- 
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sphere whose relative humidity is in excess of 80 per cent their 
equilibrium moisture content is over 8 per cent. 

In 1958 Dr. B. D. Powell and Mr. G. A. R. Wood conducted 
experiments in the Cameroons on the uptake of moisture and its 
prevention. 

The climate in the southern Cameroons is very humid and the rela¬ 
tive humidity inside a store was found to be on average over 82 per 
cent, and under these conditions the moisture content of cocoa rose 
from 4-5 per cent to 7-5 per cent in 30 days. To prevent moisture 
uptake, polythene liners inside the cocoa bags were used and the 
moisture content of beans in lined bags rose by only 0-3 per cent in 
30 days. 

The size of the liners was 30 inches by 60 inches, rather larger in 
size than the standard cocoa bag, the length being sufficient to 
make it possible to secure the mouth of the liner with string, or fold 
it over, before the top of the cocoa bag was sewn. The gauge of the 
polythene used was 150 and 300; the cost of these liners in the 
Cameroons was lOd. and Is. 7d. respectively. 

The moisture uptake with both gauges of polythene sheet was 
similar. The sheet in lined bags stood up to normal conditions of 
handling during loading and unloading. It is of course essential 
that the cocoa be thoroughly dry before it is placed in lined bags. 

Polythene liners have been used for some time for the protection of 
foodstuffs such as coffee, tea, flour and other products where it is 
desirable to prevent the uptake of moisture. This method of keeping 
cocoa beans in good condition, and reducing the possibility of their 
becoming mouldy, promises to be of importance where cocoa has 
to be stored for any length of time under very humid conditions. 


O 1 UKAUll 


nJ h*?* ^ absorbs flav °urs and aromas, so drying equipment 

SUCh aS C< ?™’ ' S l ° be avoided - ^en certain 

SfriicT f ^ erS arC U$ed 11 1S essenda l that the smoke from 
ffie dners does not come in contact with the cocoa at any stage of the 

fr?m 8 ? roccss * Simil a r ly, during storage cocoa must be kept apart 

Ifffie Pr0d “ C !f ? e flavour of which il would readily absorb 
d mn? “ W ^ ch the cocoa is to be stored is of concrete, wooden 

theXor. ^ mCheS thlCk ’ Sh ° Uld be USCd l ° insuIate to coc °a from 

The fermented, dried cocoa beans are the “raw cocoa” of mm 
merce and are bagged and shipped in this condition for manufacture" 
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Most estates do not store their dry beans for any length of time but 
transport them for sale or shipment within a few weeks of drying. 
The following are standard weights of full bags in certain countries: 

lb. 

Ghana and Nigeria.. .. 140 

Bahia . 132 

Trinidad and Grenada .. 165 or 200 

Ceylon, Java, and Samoa .. 112 



References 
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77. Young clonal trees 
planted in gaps in a cocoa 
field to replace missing trees 
or poor bearers 
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Chapter 


REHABILITATION OF THE COCOA 

PLANTATION 


Aim of Rehabilitation and Processes Involved-Conditions 
under which Rehabilitation would be Profitable—Comparison 
of Rehabilitation with Replanting 


In his studies of the cocoa industry in Trinidad, Professor C. Y. 
Shephard concluded that there was a strong case for extensive 
rehabilitation of many estates in that island. 

He based his conclusion on the fact that although many planters 
would replace trees that had died, they would never cut out a tree 
that was a poor bearer and put a better one in its place. He pointed 
out that young cocoa trees, planted here and there throughout the 
estate to replace dead trees, did not grow well as the immediate 
environment was unsuitable for them. Although a tree on good soil 
may live for a hundred years or more, and give a good yield through¬ 
out that period, few live to that age, and the casualty rate is high 
under the old system of attention and management. Not more than 
10 per cent of trees of the original planting would be found in a 
sixty-year-old plantation. A large proportion of trees had died off 
and were replaced by others that did not thrive, and of those that 
survived a proportion were poor specimens. Analysis of the crop¬ 
ping of fields of certain estates on good soils showed that 25 ner 
cent of the cocoa trees gave 60 per cent of the total output. Similar 

ner rJit °? Fu™ ' * ^ 25 P er Cent ° f the trees gave 80 

rarifri!. °i f th i C r UtP i U i' J he re P lacements on the poor soils did not 
reach the level of yield of the original trees. 


AIM OF REHABILITATION AND PROCESSES INVOLVED 
Shephard says that the aims of rehabilitation should be to raise 

would be g done d ° . PO n° r bearing 3rca t0 that of the best - ™s 
would be done in two phases: first, by replacing the trees cnn. 

sidered incapable of earning a profit; secondly, by replacing the trees 

that give a lower yield than could be expected from the replacements. 
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First Year 

A plan of implementing a scheme of rehabilitation is outlined by 
Shephard on the following lines. The first phase would be spread 
over five years. In the first year the fields would be divided into 
convenient areas for treatment. After the main crop had set, the 
trees would be examined by walking along between the rows and 
marking those to be removed with a blaze one foot long at waist 
height. The planter would apply certain standards to guide him as 
to which trees to cut out and which to retain. The number of pods 
borne per tree and the pod value would be important criteria of the 
value of the tree. Trees showing particular susceptibility to disease 
and those badly damaged or otherwise unsatisfactory would be 
marked for removal. 

Second Year 

The second year would be devoted mainly to pruning all but the 
blazed trees in the dry season, and the planting of shade and wind¬ 
breaks. This would enable the ground shade to develop sufficiently 
before the time came to plant the cocoa. 

Third Year 

During the wet season of the third year the drainage system of the 
field would be overhauled, casualties in shade and windbreaks would 
be replaced and the blazed trees cut out. Cocoa would be planted 
and fertilizers applied, and their use continued annually at the end 
of the dry season until the trees came into bearing. 

Fourth Year 

The trees pruned in the previous season should receive further 
attention in the fourth year, chupons and surplus fans being removed, 
and the trees trimmed so that they acquire a satisfactory shape. 
Casualties among the cocoa plants and young plants which have 
made unsatisfactory growth should be replaced. After this year it 
will be uneconomic to replace casualties as their growth will be un- 
satisfactory. From this time onwards blank spaces resulting ro ™ 
the death of cocoa plants should be filled by planting ground shade 

and permanent shade. 


Fifth Year . t 

By the fifth year of the first phase of rehabilitation the rooted cut¬ 
tings will have been in the field for nearly two years and they should 
be pruned so as to leave three or four stems. Ringweeding of the 
young plants will precede general cutlassing of the weeds. 
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Completion of the First Phase 

The above would complete the first phase of rehabilitation of a 
particular field, and the assumption is that other fields on the estate 
in need of rehabilitation would be in their first to fourth year of 
treatment. There would be a temporary loss of yield in the fields 
under treatment due to the cutting-out of a certain number of trees 
and the setback which follows pruning. This loss would, how¬ 
ever, soon be made up by the improved yield from the pruned trees 
and, in due course, from those planted during rehabilitation. Some 
revenue might be derived from temporary shade if this were com¬ 
posed of an economic crop. 

Second Phase and Follow-up 

Having completed the first phase of rehabilitation the planter 
should turn to the second phase which consists of going back to the 
first section of the field to be treated and repeating the process pre¬ 
viously carried out. There will, of course, be much less to do during 
this phase, and when it is completed the yielding capacity of the field 
should be considerably increased. 

The above is a resume of what might be called the accepted, classi¬ 
cal method of rehabilitation as evolved by Shephard, who contends 
that rehabilitation should not finish with the completion of the 
second phase but be a continuous routine practice. The amount of 
work to be done in successive cycles would be progressively less. 


CONDITIONS UNDER WHICH REHABILITATION WOULD BE PROFITABLE 

A field must be above a certain level of fertility if it is to be worth 
the cost of rehabilitation. The increased returns that would be 
derived from rehabilitating a field of mediocre fertility would not 
show a profit and might show a loss. Since Shephard first developed 
his theories about rehabilitation, they have been tested on plantations. 
Some of the most experienced and discerning planters incline to the 
belief that rehabilitation is only worth while where the bulk of the 
trees are in good condition and yielding well, and only a small pro¬ 
portion of the trees are missing or have to be cut out. Where a large 
proportion of the trees are missing or are due for replacement, it is 
much more economical and profitable to cut out all the trees and 
make the plantation anew. 


Maintaining High-yielding Capacity 

a °y ma J° r operations of rehabilitation, the technique 
described above for the replacement of low-yielding trees couMbe 
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applied with advantage to a cocoa plantation soon after it has come 
to the bearing stage. Removal and replacement of unsatisfactory 
trees could be continued as a routine throughout the history of the 
plantation. 


COMPARISON OF REHABILITATION WITH REPLANTING 

Dr. A. L. Jolly, lecturing at the Inter-American Institute of 
Sciences at Turrialba in 1956, pointed out that rehabilitation was 
invented by Shephard in the days when seedlings only were available, 
the technique for the raising of rooted cuttings not having been 
developed. Under this system of rehabilitation some 30-40 per cent 
of the sites, which included blank sites and sites of poor bearers, 
would be planted, the theoretical loss in yield being only 10 per cent. 
The planter would be able to retain his best trees, yielding anything 
from 75 to 90 per cent of the total yield, and concentrate on the re¬ 
maining 30-40 per cent of the cocoa stands in the field. He would 
be able to lavish enough care on this area to ensure that the supplies 
would be well established. While this theory is attractive, experience 
has demonstrated that in practice it has drawbacks. It is difficult to 
get young plants to thrive in competition with and under the over- 
shading effect of established cocoa trees. Reduction of the shading 
effect would mean mutilation of a number of the good standing trees 
and consequent reduction of their yield. There is also the difficulty 
of adjusting the temporary shade at frequent intervals around the 
young plant. Furthermore, as the supplies will be dispersed through¬ 
out the field, they will be expensive to supervise in relation to their 
numbers, and some may get overlooked. If bananas or other saleable 
crops are planted for temporary shade, harvesting will be expen- 
sive. 

Where all the cocoa is cut out, the field should be prepared 
throughout in a uniform manner with temporary and permanent 
shade and windbreaks. The shade can be adjusted to the advantage 
of the young cocoa and for the suppression of weeds, a matter which 
is difficult and often impossible under rehabilitation. The growth of 
young cocoa trees is relatively uniform and the cost of supervision 
in relation to their number is much less than under rehabilitation. 

The most important consideration in complete replanting is the 
higher cost. Although rehabilitation might be more expensive in 
relation to the area under treatment, only a portion of the fiel 
would be undergoing the early stages of treatment in any one year. 
In replanting there is complete loss of revenue from cocoa. In t e 
days when even seedling cocoa was not selected with any g rea 
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degree of skill, seedlings took ten years to reach a profitable yield 
and at least fifteen years to repay planting costs. 

Under modem conditions, there are several factors which operate 
in favour of complete cutting out and replanting as opposed to re¬ 
habilitation. Good planting material comes into bearing and gives an 
economic yield at a much earlier stage than seedlings did in the past. 
Returns for capital invested are realized sooner and the capital can 
also be paid off at an earlier date. Although the costs are higher, 
the returns are greater on account of the higher price of cocoa. Jolly 
goes on to point out that the difference in capital requirement for re¬ 
planting as compared with rehabilitation is not as great in practice 
as might be expected. A programme of replanting undertaken three 
years ago indicates that labour costs are 50 per cent higher than those 
of rehabilitation. He quotes a particular case of replanting where the 
yield of a temporary shade of bananas was quite profitable, the 
revenue being 315 Trinidad dollars per acre in the first four years. 
This represented 65 per cent of the gross planting costs of this par¬ 
ticular field. 


REFERENCES 

Shephard, C. Y. “The Cacao Industry of Trinidad: Some Aspects. III. 
The Examination of the Effects of Soil Type and Age on Yield” 
(I.C.T.A., Trinidad, 1937). 



Chapter XII 

PESTS AND DISEASES* 


Means of Control Now Available—Pests of Major Impor¬ 
tance: Capsids—Other Pests—Virus Diseases—Fungus and 
Other Diseases—Defoliation of Extremities—Deterioration 
of the Cotyledon—Epiphytes and Parasitic Plants—Spraying 
Methods and Formulations 


MEANS OF CONTROL NOW AVAILABLE 


Cocoa and other tree crops grown on a large scale in the tropics are 
subject to a number of pests and diseases the incidence of which 
has at times given cause for alarm. It must, however, be strongly 
emphasized that cocoa is no more prone to these than are such crops 
as, for instance, rubber and tea. A large proportion of the rubber and 
tea plantations have been administered by progressive plantation 
companies who appreciated that these industries must be supported 
by adequate research. Cocoa, on the other hand, during its process 
of evolution from a stage of comparative insignificance to one of 
considerable importance in world economy, has been mainly a crop 
of the smallholder or peasant farmer. The inauguration of research 
to cater for the needs of cocoa and find the means of providing 
economic methods of combating the pests and diseases has been of 

comparatively recent development. 

The tardy provision of research in West Africa, for example, was 
to a great extent responsible for the spread of virus, the devastation 
caused by capsids and the annual losses through black pod. Of 
recent years, however, the greater awareness of Departments ot 
Agriculture, the assistance given by the specialist personnel of certain 
chemical manufacturers, and the provision of research have securefl 
the industry against the troubles which threatened it from 


onwards. ... n e 

The attention which has been focused on pests and diseases or 

cocoa from 1945 onwards, especially in West Africa, has created m 

some quarters the mistaken view that the industry in this part of the 

world is on the decline, might indeed be reduced within a short time 

* It should be noted that of the diseases discussed in tto chapter onh, a 

& aK these'an e^i^orcolmrhKfound. 
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to one of min or importance, and that major production of raw cocoa 
would once again be dependent on the Americas. How mistaken 
that view has been is demonstrated by the fact that every country in 
West Africa, from Sierra Leone to the Congo, has increased its 
capacity as a cocoa producer, and the average annual output during 
the next ten years will be greater than that during any decade since 
the crop was first introduced. 

There is now a remedy which can be economically applied for 
every major pest and disease of cocoa. Under the conditions of 
care and management which a company would normally apply to 
its plantations, pest and disease control is a straightforward matter of 
routine; even virus disease, which has rightly been given so much 
prominence in the past, can be kept under control. Where cocoa 
is grown by a multitude of peasant owners, the process is less 
simple. The success of the measures to protect the trees is dependent 
on the efficiency and the energy with which Departments of Agricul¬ 
ture encourage the farmers to give the necessary attention to their 
cocoa farms. 

Various methods are employed to bring pests and diseases under 
control or to mitigate their attack. Chemicals are mainly used in the 
form of liquid sprays, dusts and fumigants, and for painting on the 
trees. Biological control of certain pests of cocoa has been used with 
limited success. 


PESTS OF MAJOR IMPORTANCE: CAPSIDS 

Capsids are a pest of cocoa in West Africa, Java, Ceylon and 
New Guinea, and in South America. 

Capsids in West Africa 


The two species which cause most of the damage, Sahlbergella 
singularis, which is about half an inch long and speckled brown in 
colour, and Distantiella theobroma, which is the same size but con¬ 
siderably darker in colour, have caused great havoc in the past 
particularly in Nigeria, Ghana and the Ivory Coast. In some other 
countries of West Africa they are not of serious importance. 

The life histories of these two capsids are similar. The eggs are 
laid on twigs, pods, or pod-stalks, and are inserted inside the tissues 
The wingless nymphs hatch out after 12 to 18 days, and the nymphai 
stege lasts for an average of 25 days, after which time the winged 

The ad ? k femaIe begins layijl £ e S& s about a week 
later and continues to do so for the rest of her life, which may last 
tor as long as six weeks. J 

Both nymphs and adults feed on cocoa, confining themselves to 
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pods and young shoots and preferring pods to chupons and chupons 
to fans. Both species attack young plants and old trees, although 
D. theobroma prefers young seedlings and S. singulars is commoner 
on mature trees. 

When feeding, the capsid thrusts its mouth-parts into the tissues 
of the plant. It then injects its poisonous saliva, which probably 



BYYOCOROPSIS 

HELOPELTIS Sp. LATIICOLLIS 

Fig. 4 


FOUR SPECIES OF CAPSIDS WHICH ATTACK COCOA IN WEST AFRICA 
The bottom left figure is magnified 3 times, the others are magnified 4 times , 




81. Low-pressure spraying with 
Gammexane using Motoblo 
sprayer for control of capsids in 
Ghana 


young cocoa tree which has been 
severely damaged by capsids 


83. Capsids on young green 
stem. The lower insect is an 
adult, the other two are 
nymphs. There are two 
capsid lesions on the stem 











84. Capsid attack on cocoa pods. Damage due to Schlbergella and 

Distontiello 



85. Capsid attack on cocoa pods. Damage due to Helopeltis 





86. Stems damaged by capsids. 
(Left to right): old cankered stem- 

knor\- CaPS i. d lesi ° ns: " h ^er 
knock condition due to feeding 

b X capsids; healthy stem 


whi^ K ran u h fr ° m a cocoa tree 
which has been attacked by cap¬ 
sids and subsequently invaded by 
fungus, as indicated by the dark 
discoloration 





88. Nest of Enxerto ant (Azteca papaensis), Bahia 



89. Control of capsids, Congo. A hand-operated machine— 
Le Mistral —which is used for dusting cocoa 
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assists in the extraction of the plant’s sap. Each feeding-puncture, of 
which a capsid will make 24 to 36 in a day, becomes a dark brown 
or black spot, which frequently becomes infected with a fungus. 

This fungus, Calonectria rigidiuscula, is often found in the region 
of capsid damage, and the view was held that attack was almost in¬ 
variably consequent on the injury sustained by the tissues of the 
plant by capsids. Recent work by D. Kay casts doubt on this con¬ 
tention. 

•S', singu/aris is parasitized by a wasp-like insect, Euphorus sahl - 
bergella. The degree of parasitism may rise as high as 30 per cent 
at certain times of the year, but this does not prevent the number of 
5. singu/aris from increasing. The parasite might effect better con¬ 
trol if it were not itself parasitized. No parasite of D. theobroma has 
so far been found. 

During the crop season when there are many pods on the trees 

the capsids will feed on them and the pods become speckled with 

black spots. Pods, however, are rarely so seriously damaged that 
they have to be discarded. 6 

The capsids increase in number during the harvesting period, after 
which they move to the canopy of the cocoa trees and feed on young 

“blast.’’ may rCSUlt iD wides P read dama S e k ™wn as capsid 


hia < ?Th d /i taCk ° n yo . un S cocoa occurs when il is two to three feet 
high. The damage inflicted may kill off the young flushes, and sub- 

thTXt ^n h 7? 77^ “J' ured - *» & devel„ of 

the^pJant can be delayed by several years, or the plant may even be 


to attack thevoun p fM ^V°u SU PP ress *■ the insect continue 
' rww yo , ua f ^shes of the tree throughout its growth. 

a Sf P t f ld P° ckets occur where the fall of a forest tree has dam 

wh1nh h - C °t C ° a treCS t nd res P ond by producing young shoots 
which, in turn, arc hc&vilv attprlrprl tl 0 •• « ^ ® ^ 

Si5£s.S=5=SS= 

are bdDS exposed to “ psid 


Insecticides Used with Success 

cap"d Xe£ «» b " “here the 

cocoa. This method anart’ c fabsfactory control with young 

cou.d only be used « youngTecs XrTsS 
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within the reach of the operator. It has now been superseded by the 
use of sprayers which apply the insecticide either directly or as a 
fine mist, which can be projected to the tops of even quite high trees. 
Experiments were carried out with different types of insecticide, and 
a BHC in a purified form, known as “Gammalin” in the United 
Kingdom and as “Lindane” in the United States, gave very good 
results and could be mixed with water in a form which is convenient 


to apply. Further experiments with insecticides indicate that 
Aldrin may also be a useful spray against capsids. 

In the past, the adoption of sprays on a grand scale for the control 
of capsids was impeded on account of the enormous quantities of 
water that would be involved. As supplies are not everywhere avail¬ 
able where cocoa is grown, especially in the dry season, this difficulty 
presented what seemed to be an insuperable barrier. Even if there 
had been a satisfactory spray, the cost of transporting water over 
long distances would have rendered the treatment of cocoa in this 
way uneconomic. It was fortunate that the discovery of effective 
sprays was closely followed by the discovery of a new method of 
application, namely, Low Volume Spraying, which only requires 
a relatively small quantity of water. The insecticide applied by low 
volume sprayers is of course more concentrated, but the mixture is 
deposited on the plant in fine droplets. These evaporate quickly, 
leaving a solid deposit which does not injure the tissue of the tree. 

Following on a good deal of experimental work, Ghana adopted 
two types of machine for spraying. The first is hand-operated, fitted 
with a lance and trigger control by which the application of the 
spray is regulated. The cost is within the reach of the farmer of 
modest means and can be employed in treating young cocoa and 
also mature cocoa where the capsid attack is not extensive. For 
large-scale spraying, a power-driven machine is used. A small two- 
stroke engine, using petrol fuel, supplies the power to drive a fan 
which impels air at high velocity through the tube or lance, lne 
insecticide mixture emerges through a nozzle designed to convert it 
into a fine mist. Machines of this type, operated by a gang ot 
labourers trained for the work, can treat from thirty to fifty acres m 
a day. The area covered is mainly dependent on having a water 
supply within convenient reach. In practice, two operators are em¬ 
ployed for each of the five machines, in order that the operato 
relieved after each round of spraying. An extra machine with one 
operator is usually kept in reserve to take the place °f a machine 
which may go out of action. The gang walks in line to ! 
cocoa farm, each operator eight paces from the olher. Ghana is 
spraying some 700,000 acres of mature cocoa badly damaged y 
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capsids. This area will be given two sprayings, the second being 
applied four weeks after the first. The treatment will be applied 
twice a year. Previous trials indicate that it will give general control. 

Standards adopted in Ghana for Capsid Control 
Based on experience of considerable experimental work, including 
spraying on a field scale, the Department of Agriculture in Ghana 
has now adopted the following as standard practice: 

Low volume spraying with Motoblo is done during the months of 
June and July at intervals of four weeks. The concentration for the 
first spraying is one pint of Garamalin 20 (that is 4 oz. of Gamma 
BHC toxicant) in five gallons of water per acre. In the second spray¬ 
ing only half a pint of Gammalin 20 (that is 2 oz. of Gamma BHC 
toxicant) in five gallons of water per acre is used. A similar treat¬ 
ment is given during November and December. Where there is a 

, gh pr ° portlon of lar § e trees, the amount of mixture applied may 
have to be increased to 10 gallons per acre. ^ 

° f ^ h ' volume spraying where the farmer is using the 
Mysto sprayer 112 c.c. of Gammalin 20 is used in one gallon of 

r„ r d f ^1n fi g rSt and 28 - P" S allon wafer hi 

wifhTe pro"^ o? p„mIahU PrayinS ” “es 

Spraying-machines 

Of the number of hand-operated machines in West Africa th* 
Which ism^'in oy^aZ Ir'k'napfackl^ W J 1 * 

manufactured by ivlL I WT ^ S J'° u, ^. r stra P s - » is 

Works. Browning Str^ B^gLm d ’ 

West“n ctta h Re S b “”h‘ < i Stl:dandf0 “ nd ^tisfactoty i„ the 

This is a pressure-retaining pneumatic toaDs'aV” 60 " 0011N °' 8 ' 
a 13-ft. bamboo lance. With hich ™ ~ ia P sack sprayer fitted with 

per square inch-and low-volume noile^TiiTT^ 15 -° H ° lb ‘ 

^The 11 ^'^ 011 ■*** throu S h the canipy ,S applied 

ine Motoblo mist soraver i« a ’ 

mounted, with a two-stroke motor T ? “ achine * should er- 
and the lance can be fitted with a ™ 31 lb. when empty, 

appliance may be used for higher low^ni^ diffusin S head8 - This 

adaptation of a machine widely uled'fnr Sp ™ ym Z' and is an 

wiaeiy used for spraying vines on the 
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Continent. It is manufactured in the United Kingdom by the Kent 
Engineering and Foundry Limited, Tovil, Kent, and is the machine 
adopted by the Department of Agriculture in Ghana for low- 
volume spraying of capsids on a large scale. 

M. de Bellfroid, owner of the Lukolela Estates in the Congo, 
succeeded in keeping capsids under control with the use of the 
Mistral Duster. This consisted of small hand-operated bellows fitted 
with a tin container for the insecticide, and a two-and-a-half-foot 
long delivery tube. One of the insecticides which gave good results 
with this duster was “ Solvexane,” which contains 2-2 per cent gamma 
isomer of benzene hexachloride, about half a pound being used per 
acre per month. The labour costs in keeping capsids under control 
by this method at Lukolela are quite low. 


Capsids in Other Countries 

Comparatively recently, a capsid species, Bryocoropsis laticollis , 
has been found on cocoa. In Ghana it was first recorded in 1939. 
In Nigeria the same species has been seen on plants other than 
cocoa; it appears to be moving from its original host to cocoa 
and may become a major pest. At present it is relatively harmless, 
the damage being almost entirely confined to the pods. 

Species of Helopeltis are about the same size as the other capsids, 
but have a slender yellowish body and long thin antennae and legs. 

Members of this genus are found on a variety of plants throughout 
West and Central Africa. On cocoa, Helopeltis feeds almost ex¬ 
clusively on the pods and a heavy attack on young pods may prevent 
their maturing. The feeding-punctures on older pods cause little 
direct damage, but may lead to subsequent attack by fungi. 

Various Helopeltis species cause much damage in Java and Ceylon. 
They attack pods, shoots, and leaf-stalks. Young pods may be badly 
damaged if heavily attacked, and young shoots may be killed. 

The numbers of the insect vary considerably with the season, 
being very numerous in the wet season and almost negligible in the 

dry. 

In New Guinea cocoa was first planted at least fifty years ago but 
capsid damage was not experienced until 1949. The species found in 
the territory of New Guinea belong to the genera Parabryocoropsis 
and Pseudodoniella. They primarily attack pods and, as these insects 
are much more plentiful than they are in West Africa, the amoun 
of mechanical damage is considerable. This is greatly increased 
by the entry of other insects into the capsid lesions, and, wiiat is 
of greater importance, by the entry of a fungus, Gloeosponum species. 
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This causes most damage during the wet season when the main 
crop is on the trees. 

In some districts of Ecuador a capsid, which is known locally 
as “mosquilla,” causes serious damage to pods. Two species. 
Mona/onion atratum and M. dissimulatum, are found. 

Another species of the same genus (M. xanthophilum) attacks 
cocoa in Brazil, where the local name for it is “chupanga do cac&u.” 
Control methods are as described for West Africa. 


UIHtK PESTS 



Thrips 

This small insect ( Selenothrips rubrocinctus ) is a serious pest of 
cocoa in the West Indies, Sao Tome, and certain South American 
countries. It also occurs in West Africa and has been reported from 
New Guinea, but it rarely causes serious 
damage in either of these countries. 

The cocoa thrips is small, only 1-1$ 
mm. long. The adults are black, but 
the nymphs are yellow with a red band 
across the base of the abdomen. 

Thrips live on a wide range of host 
plants, being very common on cashew 
trees. On cocoa trees they live on the 
underside of the leaves where their eggs 
are laid and where large colonies of 
nymphs are to be found. They pierce the 

leaf-cells and suck the sap; this damages magmjtea 

° f th vf Caf ’ Which becomes silvered. R. G. Fennah 
wntes. The nymphs carry the abdomen curved upward, with a 

i ^ P ° 1Sed on the hairs at its a P ex - This ^ periodically 
released and drops on the leaf surface where it dries to form a 

brownish spot. The speckling caused by the presence of many such 
injury.” P y dnCd ° r SUvered tissue is cha ™cteristic of thrips 

™ e f damaged leaves will die if the attack is severe, and trees mav 

coS r :u a X“vb™t y not d r aged ' 

determine when L pods are “ difficult “> 


Fig. 5 

SELENOTHRIPS 

RUBROCINCTUS 

Greatly magnified 
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Unhealthy trees suffer most from thrips attack. It was found in 
Trinidad that severe attacks were associated with rapid falls in soil 
moisture content, coupled with high atmospheric humidity; the 
severity of the damage was enhanced by the low potash status of the 
soil. Over-exposure to wind or sun has been thought to be an impor¬ 
tant cause of thrips attack, and some fields of the clone I.C.S. 1 
which were planted without shade have suffered severely from thrips. 

It might be expected that thrips would be prevalent in West 
Africa, but they are not common. This may be due to the fact that 
the numbers of the insect are kept in check by the hymenopterous 
parasite, Dasyscapus parvipennis. At times the proportion of para¬ 
sitized thrips has reached 80 per cent. This insect was introduced 
into Trinidad in the hope that it would control thrips there but it 
has not become established. 

Severe outbreaks of thrips can be controlled by spraying with 
nicotine. Bordeaux mixture, when sprayed on to the leaves, acts as 
a repellent but does not kill the insects. 

In many outbreaks certain trees escape damage and appear to be 
resistant to thrips. Search for resistant trees was undertaken in 
Trinidad and a tree known as RT 18, which is also a good commer¬ 
cial type, was selected. This selection was included in a clonal trial 
at River Estate, but it did not yield well under the conditions there. 


Ant'S . „ 

One of the worst pests of cocoa in Brazil is the “enxerto ant 

(Azteca paraensis var. bondari ), which has become a serious menace 

during the past twenty-five years. 

It makes its nest in the epiphytes on the cocoa trees, the pods ana 
shoots of which it gnaws to provide further nest-material. This in 
itself causes some damage to the trees, but the ants also protect 
mealybugs ( Pseudococcus citri) and scale insects, which suck sap from 
the trees and weaken them. 

The epiphytes, too, cause harm by interfering with the flowering 
of the trees. Individually, the epiphytes, ants, and mealybugs would 
do little damage to the cocoa trees, but in association with one 

another they create a serious problem. . 

Another species of ant ( Azteca chartifex ), almost equally import¬ 
ant, also protects aphids, scales, and mealybugs, and makes nests 
out of material from pods and shoots. Two others, Crematogaster sp. 
and Solenopsis sp., the fire ant, cause similar damage and attend 
similar insects. The last-named has a very painful sting winchi cause 
difficulties in harvesting. It is reported that these ants can be con¬ 
trolled by spraying with gammexane. 
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In other parts of South America and the West Indies damage by 
ants is locali 2 ed and sporadic, the “parasol” ants (Atta cephalotes) 
being the most serious. They make very large nests to which they 
carry large quantities of leaves and small branches. They can be 
destroyed by pouring carbon bisulphide or a 2 per cent solution of 
chlordane down the holes of the nests; carbon bisulphide acts as a 
fumigant, but is highly inflammable. 

Mealybugs, Aphids, and Scale Insects 

Apart from their importance as vectors of virus diseases of cocoa, 

mealybugs are occasionally found in large enough numbers to become 

a primary pest. Aphids and scale insects have also been reported as 

troublesome. These insects suck the sap from the tree, and may 

cause a considerable drain on it when they occur in large numbers. 

In Ghana the aphid Toxoptera coffeae is sometimes troublesome. 

This small insect is dark brown to black in colour and attacks young 

shoots and leaves. The leaves become curled and later they may 

harden and fall off. The aphids are attended by small black ants, 

Pheidole sp., and others. Control measures are rarely necessary. 

In Fiji aphids {Aphis gossypii) are normally found on young shoots 

and leaves. Mealybugs {Pseudococcus citri) attack young pods also 

and may cause withering of the pod, malformation, or delayed 
ripening. J 

Leaf-eating Beetles 

Beetles belonging to the families Chrysomelidae and Scarabeidae 
cause serious damage to young plants in some countries. 

s ™ e a gen T U . S Adoretus occurs in West Africa, Java, Ceylon, Fiji, and 
Samoa. These beetles feed on young flushes during the night 
making numerous holes in the leaves, thereby checking growth. 8 
In Samoa young plants are protected by a ring of stones built 
around them up to a height of one foot or more, but bide attack 
occurs as soon as the plants emerge above the stones. 

serinnf^ countries leaf-eating beetles appear suddenly and cause 

Moths 

L eV N™T hS attack the leaves and shoots Of cocoa trees, 
found attackingrocoa^Thek^^? ,e J e,urga ’ has rec ™tly been 

... -.riis 
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branches and even of whole trees when colonies of larvae are 
at work. No method of control has been evolved. 

In Fiji and the New Hebrides the caterpillars of the moth Adoxo- 
phyes fasciculana attack the leaves, and in Ghana and Nigeria a 
small green Tineid moth, Earias bip/aga, attacks leaf buds and young 
leaves, and has damaged chupons from coppiced stumps. 


Cocoa Moth 

This moth ( Acrocercops cramerella ) is a major pest in Java. The 
eggs are usually laid in the furrows of the pods and, after hatching 
out, the larvae burrow through the pod wall and live in the pod, 
making tunnels in the pulp. Although they do not attack the beans, 
both the yield and the quality of the cocoa are reduced. 

Only one method of control has been successful. Complete 
removal of all pods, ripe and unripe, once a year, thereby breaking 
the life-cycle, has provided a certain degree of control, but the moth 
has alternative hosts, such as the cola tree (Co/a acuminata) and the 
numbers of the moth build up again after a few months. 

This moth also occurs in Dutch New Guinea. In both countries 
it has been observed that smooth-podded Amelonado trees are less 

susceptible to attack. 


Cocoa Pod Borer 

This small Noctuid moth ( Characoma stictograpta) is found in 
Ghana, where it is a minor pest. It flies at night and lays its eggs 
at the stalk end of the pod. The larvae tunnel in the pod and pro¬ 
duce a brown sticky mass of frass between the pod and the tru ™; 
The damage is not serious but the wound provides an entry tor 

fungi. 


Longicorn Beetles 

These fairly large beetles belong to the family Cerambyc dae 
members of which are to be found in most cocoa-growing countries, 
"they are pests of varying importance Where they cause con¬ 
siderable damage control measures can be taken. T 
of these species of beetles, and the damage caused by them, are 
similar, 6 scT one of them is dealt with in detail and the distinctive 

features of others will be described. 


C< This fairly E large Longicorn beetle ( Steirastoma breve) causes 
considerable damage to cocoa plantations in Tnnida , rena a, 
some South American countries. 
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The adult beetles are black, nearly one 
inch in length, and have two long anten¬ 
nae. 

The adult female makes holes in the 
bark in which she lays her eggs, and then 
seals the holes. After hatching, the larvae 
feed under the bark, making tunnels in 
the wood. They feed for two or three 
months before pupating, and in that time 
the tunnels may go right round a branch, 
thereby ring-barking it. As the eggs are FlG - 6 

often laid near the fork of a tree and some- STEIRASTOMA BREVE 
times on the main stem, serious damage Slightly magnified 
may result. 

Young trees, especially those between three and five years old, 
suffer most from beetle damage, though trees vary considerably in 
the extent to which they are attacked. Beetle damage was surveyed 
at River Estate, where it was found that certain clones suffered much 
less damage than others. 



The adult beetles gnaw the bark of the young branches. Normally 
this causes purely superficial damage and it is unusual for it to be 
deep enough to be serious. The control measure most commonly 
employed is to collect the adult beetles by hand. They are fairly 
easily caught and large numbers may be destroyed, but it is doubtful 
whether the method provides effective control. 

The beetle has a number of other host plants, some of them related 
to cocoa This fact was made use of twenty or thirty years ago when 
“,^ a . s P ractlce to lay traps—branches of other host plants—in 
" h ' ch . ,h . e be f 1!le , was expected to lay its eggs. These were usually 

*° *j! e c °“ a ,r “ s and were collected at intervals and 
um b JrS ,Ce d,Cd ° Ut dUnng thC ^ rs ° f de P r ession and has 


on^heteedrpop^oT bUt ^ tQ haVe Uttle effeCt 

probab 'y the best “ethod of con- 
troi. This can be confined to those parts of the young trees such as 

the mam stem and large branches, that are most likely 8 to be ’affected 


Other Longicorn Beetles 

aSSSar'■=» : 

Another member of the same genus, G. aluensis, has been reported 
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from New Guinea. It became troublesome after the last war owing 
to the neglect of plantations, but it appears to be a less serious pest 
now that the plantations have returned to a normal degree of 
cleanliness. 

Various members of the genus Monohammus occur in New Guinea, 
where they are minor pests. In New Hebrides M. holotephrus attacks 
the trunks and large branches of the tree and therefore causes more 
serious damage. 

Various Longicorn beetles have been found on cocoa in West 
Africa. Members of the genera Tragocephala, Mallodon, and Glenea 
occur in Ghana, but all are minor pests. 

Weevil Borer 

This insect ( Pantorhytes plutus ) ranks as a major pest of cocoa in 
New Guinea. During its larval and adult life, which extends over 
two years, it bores into the wood and causes extensive damage. The 
adults also cause considerable damage by chewing the soft bark of 
young shoots. 

Termites 

Termites have been reported as a minor pest in West Africa, 
Ceylon, Java, Samoa, New Guinea, New Hebrides, and Grenada. 

Termites normally attack dead wood. They enter cocoa trees 
through wounds and will follow up damage caused by other insects 
or fungi. Considerable damage by termites has been reported from 
the New Hebrides where it prevents the healing of wounds, which 
consequently become enlarged. The trees may even be killed. 

Attack by termites can be minimized by the removal of dead wood, 
by avoiding damage by machetes, by the killing of the queen in the 
termite nests by fumigants, and by maintaining control of other 
pests and diseases; in other words, by good estate sanitation. 


Forest Fauna 

Animals and birds can constitute a major menace to a cocoa 
industry, and they can be particularly troublesome where the crop is 
introduced for the first time, or the area planted is small in relation 
to the population of the cocoa-loving fauna. When a crop, palatable 
to animals or birds, is introduced to a country, it is inevitable that it 
will be heavily attacked until such time as the fauna is reduced or 
the amount of the crop grown is so extensive that the depredations 
of these pests are no longer of economic importance. 

In certain districts of Sierra Leone the monkey population has 
increased to the detriment of the cocoa industry. Conditions which 
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have given rise to this situation are: the killing-off of leopards 
which are their natural enemies, the fact that monkeys are not 
generally killed for food, and that there is a high proportion of fruit- 
bearing secondary forest providing food for them. Organized drives 
killed upwards of 14,000 monkeys in six days in one district. In the 
absence of periodic drives to reduce the monkey population, cocoa¬ 
planting there would be uneconomic. Rats and squirrels are a peren¬ 
nial trouble to cocoa. They are usually the most serious menace 
where it is first introduced to an area, and they are a constant 
trouble even where it has been grown for many years. On the 
occasion of a severe and prolonged drought which resulted in a short¬ 
age of food crops in the cocoa zone of Bahia, rats consumed large 
quantities of cocoa pods. Their numbers were reduced by destroying 
their nests which were generally in trees. Rats and squirrels are des¬ 
tructive to the mid-crop in West Africa as there are few alternative 
crops available at this time. In addition to eating the cocoa on the 
trees they also remove the seed planted in the cocoa farms to such an 
extent that it is general practice to plant seedlings earlier in the 
season and postpone the planting of seed until September, when the 
suppjy of alternative food is plentiful. Parrots are usually the most 
troublesome birds; woodpeckers can also cause a great deal of 
damage. Apart from direct losses caused by forest fauna in eating 
the crop much indirect harm can be done by damaging the cocoa 
pods and making them vulnerable to fungus attack. As regards the 
smaller animals and birds, shooting, trapping, snaring and poison¬ 
ing are the main ways of keeping down their numbers. 


V1KU5 DISEASES 


in Th “ n nui ? ber vvus diseases of cocoa, among them those 
m the swollen shoot group of West Africa which have been of 

major concern because of their destructiveness. Similar, or possibly 
^entical, diseases have been described from Trinidad and Qjylon 
All these viruses show leaf pattern symptoms of various types at 

iI a t 8e H bUt th %l sym P toms may be evanescent and sometimes 
difficult to detect. The swoUen shoot symptom, which is sh^wn bv 

Ws e so m lnd b Z;^ rin v% a a ^ 

Laing and s^ie^S fa 

to have .o„g latent periods in adu.t 
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extend to two years. This can complicate control methods. A 
number of alternate hosts of the West African viruses are known, 
chiefly members of the families Bombacaceae and Sterculiaceae of 
which a number are wild in West Africa. Some of the mild strains 
of virus can protect against some of the severe and lethal types. 

Control measures have been directed along three main lines— 
eliminating infected trees and with them the reservoir of virus; 
eliminating or severely limiting the vectors; conferring immunity 
by breeding or by cross-inoculation. 

Control by removal of infected trees, with or without their contacts 
which may carry the virus in latent form, led in West Africa to very 
extensive and elaborate surveys of the swollen shoot group of 
viruses, campaigns for the cutting out of trees and payment of 
compensation to the cocoa farmers. This control campaign, effec¬ 
tive where the percentage of trees infected was not too high, has 
been a major effort on the part of the Governments of Ghana and 
Nigeria, both of which have expended very large sums of money 
annually for this purpose. That the worst forms of this disease have 
been contained there can be no doubt, though very heavily infected 
areas could not be saved from devastation. Cutting out of living 
trees, often still bearing a few pods, could not be other than un¬ 
popular with farmers, and it speaks much for the goodwill of the 
Departments concerned, and for the good sense of the majority of 
cocoa farmers, that so little opposition to this method of control 
has been experienced. 

Indirect control of the insect vectors has been attempted, but 
has not developed very far. The mealybugs are subject to attack by 


a number of parasites, but these are generally not very effective. 
Attempts at biological control by the introduction of parasites from 
outside West Africa have been unsuccessful. It may be noted that 
a virus vector which is not a pest in its own right, to be effective in 
virus control requires almost complete elimination of the vector 
since any one individual may effect a transmission. Insecticidal 


methods can be used on an experimental scale, but are uneconomic 
for commercial use. Systemic insecticides can be used, but again 
present serious disadvantages on grounds of cost and toxic hazards. 
An indirect or third stage method of virus control may develop 
through control of the ants attendant on the mealybugs and without 
which they cannot survive. These ants, mostly species of Cremato- 
gaster, can be controlled by formicides such as dieldrin, and there 
is a possibility that control by such means may have success. It 
would, however, have to be used as an adjunct to cutting out of 


diseased trees for which there is no known cure. 
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Control by developing immunity or tolerance of the virus in the 
cocoa tree has been attempted. So far little tolerance has been 
discerned in any cocoa variety, though there are some distinct 
differences. These are, however, not large enough to be useful. 
The creation of artificial tolerance by inoculation with mild types 
of virus is possible for some of the viruses, but there is a danger 
that if such a method were used on a large scale a huge reservoir of 
virulent virus might build up in the cocoa tree, with a risk of subse¬ 
quent breakdown of the immunity and loss of the trees. 

The magnitude of the problem of control of swollen shoot diseases 
in West Africa can be gauged from figures for Ghana alone, where 
between 1946 and 1957 a total of some 63 million diseased cocoa 
trees were removed. To discover these trees on scattered farms in 
the forest entailed mapping some 124,000 farms and cost, in com¬ 
pensation to farmers alone, over £7,000,000. In Nigeria similar 
efforts were made, though in general the disease appears to have 
been less destructive than it has been in Ghana. 


FUNGUS AND OTHER DISEASES 
Phytophthora palmivora 

This and similar fungi cause Black pod (known as Brown pod in 

Brazil) and can affect the pod, stem and leaves. It occurs to a greater 

or lesser degree in almost every country where cocoa is grown. The 

aggregate loss of cocoa due to this disease over a number of years 

amounts to many thousands of tons. The incidence of the disease 

vanes with the rainfall and the rainfall distribution, and with 

humidity and temperature, being on the whole higher in countries 

of greater rainfall. It can be particularly troublesome where cocoa 

is growing at high altitudes which are subject to prolonged mists 
during the cropping season. 

These fungi attack several other tropical crops, including rubber 
coconuts, cotton and citrus. V e Der ’ 

thnr°n d n% by the most im P orta nt da niage caused by Phytoph- 
thora palmivora but in some countries the fungus also causef a 

a chu P on wilt. It attacks pods of all ages. In Costa 
Rica the fungus causes a considerable loss of young cherelles It will 
destroy the beans in young pods, but in the case of sUght attacks on 
ripe pods, some of the beans may be saved by frequent harvesting 
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conidia is formed on the surface of the pod, the conidia or spores 
being the main source of infection. The pod continues to produce 
spores for about ten days, after which time it will have been invaded 
by several other fungi which will suppress the Phytophthora. 

The spores produced on the surface of the pod are spread by 
raindrops, insects and, possibly, by air currents. Rain falling on an 
infected pod will carry spores to healthy pods lower down the trunk, 
and neighbouring pods may be infected. Many types of insects 
carry spores, spreading the disease from pod to pod and from tree 
to tree. 

The spores germinate when the relative humidity is high. In Costa 
Rica it has been claimed that free moisture is essential for germina¬ 
tion, but in Nigeria it was found that germination takes place when 
the relative humidity is 95 per cent or more. In Brazil the incidence 
of attack increases rapidly when the temperature drops as low as 
15° C., a temperature which favours persistence of moisture on the 
pod. 

Dade showed that the spread of the disease depends mainly on the 
relative humidity of the atmosphere. In the cocoa areas of Ghana 
the relative humidity is high at night, being around 95 to 100 per 
cent, but during the day there is considerable variation. The disease 
spreads most rapidly when the relative humidity remains high both 
day and night. Although the fungus can infect healthy pods, injured 
pods are attacked more easily and invaded more readily. Prolonged 
periods of high humidity are liable to cause infection of healthy 
pods. 

Pod infections are often associated with some predisposing factor. 
Dade analysed the infections on a number of trial plots and found 
that 5 per cent were due to contact with a diseased pod; a similar 
percentage followed injury to the pod, and a variable percentage 
5 to 27 per cent—was due to drip; the remainder had no predispos¬ 
ing factor. Most of the injuries were caused by insects, although 
some were due to knife cuts. Insect injuries were much more 
numerous in the drier situations, so that infection due to injury was 
more important where humidity was lower. 

Diseased pods on the trees are undoubtedly the main source of 
infection of other pods, but there is some doubt as to the amount of 
infection caused by diseased pods or old husks on the ground. 

After the fungus has completely invaded the pod it may infect the 
flower cushion. This may lead to the formation of a local canker in 
the cushion, which may infect the pods in the next crop. 

The canker caused by P. palmivora varies in incidence. In many 
important cocoa-growing countries it is insignificant, but in Trinidad 



167 


Fungus and Other Diseases 


and Ceylon it has caused considerable damage and sometimes 
has proved fatal to the trees. Damage is also reported from the New 
Hebrides and Western Samoa. A canker appears as a moist spot on 
the bark of the stem or on a main branch, and it becomes enlarged 
to form a dark area which exudes a reddish liquid. The extent of 
the canker can be seen by removing the bark, whereupon the dark 
affected part is visible. 

The effect of a canker varies greatly from tree to tree. It may 
develop and spread to such an extent that the tree is killed; on the 
other hand, the tree may recover, sealing off the canker with a layer 
of callus. In those countries where there is a dry season of several 
months, the trees make their best progress towards recovery during 
the dry months. 

Criollo trees are more susceptible to canker than Forastero, 
hybrids being intermediate in this respect and variable in their 
susceptibility. As the proportion of Criollo and hybrid trees has 
decreased in certain countries, the importance of this disease has 
declined considerably. Cankers rarely, if ever, form spores, so they 
must originate from infected pods, possibly by way of the pod stalk 
and flower cushion. 

The chupon wilt caused by P. palmivora is relatively unimportant, 
occurring only in Central America where it does little damage. 

The value of copper sprays for black pod control has long been 
known. Its recent wide adoption for the control of black pod fungus 
in West Africa is largely the result of efforts by the Departments of 
Agriculture and Plant Protection Limited. The problem of finding a 
suitab le portable machine for spraying or dusting was common to 
both capsid and fungus control. The machines described for use on 
capsids can, after adjustment, also be used for the treatment of this 


Carbide Bordeaux is still the spray in most common use. In the 

°w the Nl ?Ti an COC ° a ZOneS and in the Cameroons there 

1 lb lonT T POd ‘ A 1 per cent Bor deaux mixture 

I; *.', pper suI phate, 6 oz. calcium carbide, 10 gallons water) 

applied once a month for eight months has given a good measure of 
control in both Nigeria and the Cameroons 8 f 

Field trials with 01 per cent Perenox applied at monthly intervals 
was iorccffectwe ^ 3pp,ied ’ Mca,ed that the >“«- 


deIux 0 mk V . 0 u I re me in P » aying ' PerenOX iS 3 8 ood substitute Bor- 

c ; r rr„ s 

Limited, an area of cocoa was treated at the rate of 2* lb. Perenox 
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in 15 gallons of water per acre per application. The sprayer used was 
a Kiekens-Dekker-TT-mist-blower. It was pulled by a 4^ h.p. tractor. 
The disease control was satisfactory. 

There are heavy losses from black pod in certain parts of Ghana, 
although the incidence is not as high as in parts of Nigeria and in 
the Cameroons. The fungus in Ghana has not responded so readily 
to the treatments which were successful elsewhere in West Africa. 
Partial control has been achieved but the results are much less spec¬ 
tacular than those obtained in Ondo, in Nigeria, for instance. 
W.A.C.R.I., in collaboration with the Ghana Department of 
Agriculture, continues to experiment with different treatments. 

Western Samoa suffers from a high incidence of Phytophthora 
fungus attack on the cocoa crops, and canker of the trees is com¬ 
mon. Experimental work carried out in 1954-5 by Harvey C. 
Smith, mycologist, Department of Scientific and Industrial Research, 
New Zealand, indicated that control was profitable during the 
months of heavy cropping. A Friend, 40-gallon, high-volume 
machine was used and two different sprays were tried, Bordeaux 
(3-4-50) and Phygon (£-50). The insecticides were applied every 
three weeks. Good results were obtained, Bordeaux being slightly 
more effective than Phygon. Further trials in which knapsack (hand- 
pump operated) and mist-blower (power-operated) machines were 
used for the application of Bordeaux (3-4-50) mixture at intervals 
of three weeks gave effective control. 

There always have been, and probably always will be, two schools 
of thought about the best means of controlling Phytophthora fungus 
which attacks the pod. Well-managed estates in Bahia, Brazil, have 
demonstrated that the incidence of fungus on the pods can be 
reduced to negligible proportions by careful harvesting and removal 
of all black pods as soon as the presence of the fungus can be recog¬ 
nized. Weekly harvesting can go a long way towards the reduction 
of black pods. A high level of control can be attained by a com¬ 
bination of weekly harvesting and spraying. The use of sprays does, 
of course, lessen the need for very frequent harvesting. It is reason¬ 
able to expect that as a measure of control is attained, the number 
of sprayings can be reduced. In Fernando Po, where spraying with 
2 per cent Bordeaux mixture has been normal practice for 24 years, 
sprayings are limited to three or four a season, depending on the 
weather. Some trees have shown considerable resistance to attack on 
the pod and some have shown resistance to attack on the stem or 
branches. Western Samoa, which has already one very resistant 
tree, has now set out to select trees showing resistance in botn 
respects. There is little doubt that a careful survey of any large 






90. Cocoa pods affected by black pod. The pod on the left has been affected in two 
places. I he right-hand pod has been completely invaded by fungus 


of J /M? h The . n iy c « ,l | um ofthe f ungus can be seen on the stem and the back 
of one leaf (M), several dead leaves, typically bicoloured (D), and one hanging by a 
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92. Cocoa pods suffering from Moniha disease 


:hes' broom disease. A 
lateral fan broom 


94. Witches’ broom disease. An 
indurated pod. The black portion 
is hard and the beans will probably 
be destroyed 
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96. Mealybug tents on a cocoa stem 97. Adults and nymphs of the meal) 

Pseudococcus njalensis 


98. A large tented colony of mealybugs on a cocoa P<£• , anl 

-(): the tent unbroken. (Right): the tent broken, showing mealybug 
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population of cocoa trees would reveal a number with a greater or 
less degree of resistance in one or both respects. 

Spraying is most profitable where a high yield is associated with a 
high incidence of infection. Below a certain yield and a certain level 
of infection, spraying will be unprofitable. The conclusion arrived 
at in Western Samoa in this connection was that spraying is econo¬ 
mic when the average number of pods per tree exceeded ten and 
when the incidence of black pod disease was above 25 per cent. 


Witches’ Broom Disease 

This disease is caused by the fungus Marasmius perniciosus which 
is specific to cocoa and some other Theobroma species. It is indigen¬ 
ous to South America, probably originating in the Upper Amazon 
valley from which it has spread to the surrounding cocoa-growing 
countries—Ecuador, Colombia, Venezuela, Peru and the Guianas. 
The disease was first studied and the fungus described in Surinam. 

It did great damage in that country and contributed to the decline 
of cocoa there. 


In 1928 the disease was found in Trinidad and it has since spread 
further, being found in Tobago in 1939 and in Grenada in 1948. It 
does not occur in Central America nor in the main cocoa-growing 
area of Bahia in Brazil, nor is it found outside the New World 
The most obvious symptoms of the disease are the brooms or 
hypertrophied shoots which are much thicker than healthy shoots 
and bear many short lateral shoots with undeveloped leaves. Infected 
flower cushions often form cushion brooms, producing vegetative 
shoots as well as flowers. Infected flowers have thickened stalks, and 

occasionally abnormal strawberry-shaped pods are formed but these 
ao not develop to maturity. 

a Jat ° f th c ■ in ^ eCti ° n °“ the & 0wiQ & P° d will vary with its 

turn fu r J I ? e ? ,on * CherelIes be come carrot-shaped and 

“ k ,r d r ard J )e 5 re reachin g maturity. Small podsbecome 
? p ° rted ’ the Reeled side swelling and later turning hard. In both 

'dZ i ***? he L beanS are destr °yed. Pods which Ire even further 
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short-lived, dying within forty-eight hours unless they alight in a 
place suitable for their development. 

Only young developing tissues are attacked. On a vegetative bud 
the broom appears about six weeks or more after infection, depend¬ 
ing on the flushing of the tree, and after a further six to eight weeks 
the broom dries up and dies. Fruiting bodies will not be formed on 
a dead broom or infected pod for at least three months, and generally 
not until five to six months after it has died. 

Individually, the small pink mushrooms do not live long, only 
about three days after reaching maturity, but a large broom may 
produce as many as thirty mushrooms in a week. Any broom may 
continue to produce mushrooms for eighteen months, although there 
is considerable seasonal variation in the numbers of mushrooms 
formed. The greatest numbers are found in the wet season, and 
mushroom development ceases in the dry season. 

If the disease is uncontrolled, the trees will become covered with 
hundreds of brooms, and pod losses may rise as high as 70 per cent. 
Damage is worst in river valleys where conditions are humid but is 
considerably less on the slopes of the hills. Ridges between valleys 
may act as natural barriers to the spread of the disease. 

Losses can be reduced by the periodical removal of brooms. 
Brooms are removed along with about six inches of the healthy stem, 
and diseased cushions are cut out flush with the bark. This should 
be done at regular intervals of four months; more frequent treatment 
is unnecessary owing to the time taken for mushrooms to develop. 
In Trinidad, removal twice a year, in April or May and again in 
October, is thought to be sufficient. Infected material is destroyed 

by burning or burying. . . 

Spraying trials have been made, using various fungicides. Al¬ 
though a degree of control has been obtained, the treatment has been 
uneconomic at normal yields. When a spraying programme can e 
worked out to control witches’ broom and other pod diseases at the 
same time, this will, of course, reduce the overall costs. 

Some years ago the late Dr. Pound made two expeditions to the 
head-waters of the Amazon, to look for immune or resistant varieties. 
Many specimens were brought back to Trinidad and teste o 
resistance. Two of these, SCA 6 and 12, are virtually :immune> 
These clones were propagated and planted fairly widely, u 1 
found that they produced small beans which might be unacceptab 
commercially. These clones are now being used in the breeding 

programme in Trinidad. t 

P Another clone from South America, IMC 67, which appear 
be highly resistant to the fungus, is under investigation. 
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Monilia Diseasb 

This disease (Monilia roreri) was first observed in Ecuador in 
1914. It is now of major importance in that country, causing an 
average loss of 40 per cent of pods, and it has also spread to Colom¬ 
bia, Peru, and western Venezuela, being prevalent in wet districts. 

The disease affects young pods, but when they reach a certain size 
they become immune. The first definite symptoms of the disease are 
seen on pods three to four inches long, which show a slight protu¬ 
berance and, when cut open, reveal greyish strands. On more 
mature pods the fungus produces various effects. There may be little 
external sign of infection except that a few dark spots may be pro¬ 
duced or the pod may be covered with a whitish growth. On the 
Venezuelan or Trinitario type of cocoa, the fungus forms a grey patch 
surrounded by a white margin. A diseased pod is heavier than a 
healthy one of the same size, and is more difficult to open. The 
interior of the pod is enveloped in watery matter and the beans are 
worthless. 

In Ecuador the Cacao Nacional variety appears to be more 
resistant to the disease than later introductions. 

Recent trials in Ecuador have shown that wettable sulphur and 
zineb—an organic zinc fungicide—are effective in controlling the 
disease although the most economical frequency and rate of 
application have yet to be worked out. 


Mealy Pod 

This fungus ( Trachysphaerafructigena ) only occurs in West Africa, 
whereit attacks coffee as well as cocoa. Pod losses vary from district 
to district but are generally less than 1 per cent, although in some 
districts they may exceed 10 per cent in very wet years. 

The first symptom of the disease is a brown area at the point of 
infection, which rapidly spreads and darkens. Then the surface 
becomes encrusted with a mealy mass of spores, which is white at 
hrst but turns pinkish later. If young pods are attacked they become 
dry and light, and the beans are rendered useless, but if the pods 
are attacked at a more mature stage the beans can be saved. 

-Ji rf ?° rcs are , dlss fnunated by wind and water and will readily 

can aUackYeafthy P p°ol “ ^ ^ Pr ° Ved tha ‘ the fun ^ 

As the spread of the disease is favoured by humid conditions the 
control measures include thinning and pruning of the cocoa trees 

of Wtytes, and weeding and draining which will reduw 

In POds Should 
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Anthracnose 

This disease ( Colletotrichum and allied Gloeosporium) is found in 
many cocoa-growing countries, but it is of little economic im¬ 
portance. 

The fungus attacks pods of all ages, forming a brown spot which 
turns darker and becomes sunken. Pustules of yellow spores are 
formed in the spots. Young pods may be destroyed, but the beans 
will not be affected in older pods. 

Diplodia Pod Rot 

Botryodiplodia theobromae is a wound parasite and occurs in all 
cocoa-growing countries. It causes a pod rot which is called dip¬ 
lodia pod rot or brown pod. (This should not be confused with black 
pod, a quite distinct disease due to Phytophthora palmivora.) 

The first symptom of diplodia pod rot is a brown spot which turns 
black and becomes enlarged until the whole pod is invaded. When 
a pod infected by B. theobromae has begun to dry out, large numbers 
of black spores having the appearance of soot are produced on the 
surface of the pod, and the beans are destroyed. 

In Ghana a condition known as “warty pod’’ is thought to be 
caused by a strain of this fungus. Attack by B. theobromae can only 
occur through wounds, which may be caused by insects, squirrels or 
birds such as woodpeckers. Healthy pods are not attacked. Losses 
from the disease will be reduced by the control of pests which wound 
pods, and by removal of infected material. 

The fungus also causes a die-back which has been reported from 
South and Central America, the West Indies, Africa and Asia. A 
chupon wilt, due to this fungus, occurs in New Guinea. 

Die-back occurs on trees which have been weakened by thrips 
attack, lack of shade or windbreak, poor drainage, drought, or some 
other cause. Attacks may also occur on trees which have been 
pruned carelessly. The disease begins at the end of the branches, 
which dry out and die, the leaves turn yellow and fall off, and the 
wood discolours and turns grey. 

Ceratostomella Wilt 

This disease was first reported in 1918 from Ecuador, where it 
was known as “Mai de machete” as it was associated with cutlass 
wounds. It has since been reported from several other countries 
including Colombia, Venezuela, Costa Rica, Mexico and Trinidad. 
The damage caused by this disease has been increasing in recent 
years and it is receiving closer study. 

Ceratostomella wilt attacks the trunk and main branches and can 
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kill a cocoa tree rapidly. The first symptom is a wilt of the leaves 
which is followed fairly rapidly by the death of the tree. The leaves, 
which turn yellow before they die, remain hanging from the branches 
for several weeks after the tree has died. Examination of the wood 
shows that the affected parts are discoloured, becoming dark red 
or red-brown. A pod rot of minor importance is caused by the same 
fungus and has been reported from several countries. 

The disease is caused by Ceratocyslis fimbriata, though it is better 
known by its former generic name, Ceratostomella. The fungus can 
only enter the cocoa tree through wounds which may occur naturally 
or may be caused by man or insects. In Venezuela, cutlass wounds 
appear to be the chief mode of entry for the fungus, but in Colombia 
and Ecuador shot-hole borers— Xyleborus and Platypus species— 
appear to play an important part in the spread of the disease. 

Criollo types are more susceptible than Forastero, and in Ecuador 
Trinitarios are generally more susceptible than Nacional cocoas, 
although ICS 95 has proved to be resistant. 

In Ecuador, spraying with certain insecticides has been effective 
in controlling the shot-hole borers and reducing the incidence of the 
disease, but until the exact role of the shot-hole borers has been 

determined, this cannot be recommended as a control measure 
generally. 


Pink Disease 

This disease ( Corticium salmoriicolor ) occurs in South America, the 
West Indies, the Cameroons, Western Samoa, and New Guinea 
attacking a wide range of hosts. 

The fungus attacks cocoa trees growing under very humid con¬ 
ditions. In New Guinea it is associated with the use of pigeon peas 
{Cajanus cajan) as lateral shade for cocoa. Twigs and small branches 
become covered with a thin white mycelium which later turns pink 
and on which the spores are formed. The branches are defoliated 

and killed, but it is rare for the damage to extend beyond the loss of 
a few branches. 

are f ea i? with b y removing the affected branches well back 
T 5 p , omt ,°f a PParent external damage. Incidence of attack 
S r r ^ UCed ^ im proving the drainage in the plantation and 
tl R 8 cano Fy of the cocoa and shade trees to admit more 

mWc°on"orj I Se aPPlied dl * season - 

Thread Blights 

Several species of fungi cause thread blight, a disease which affects 
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many plants in the tropics. In West Africa two species, Marasmius 
scandens and M. byssicola, are found. In the West Indies, Brazil, 
New Guinea, and New Hebrides, Corticium species cause thread 
blights. 

In attacks by these fungi, the creamy-white mycelium can be 
clearly seen as it runs along the twigs and sends out branches to the 
leaves over the back of which it ramifies in numerous fine threads. 
The leaves are killed, turn a dark brown colour, and remain sus¬ 
pended from the twigs by a thread of mycelium. The damage does 
not normally extend beyond the killing of leaves and small branches, 
though according to reports from the French Cameroons, the trees 
are sometimes killed. 

The incidence of the disease is worst in damp places in the wet 
season and it normally spreads by contact. It is controlled by re¬ 
moving the infected parts and by copper sprays. Where it occurs 
frequently, the humidity should be reduced by decreasing the shade 
or pruning the trees. 

Horse-hair blights, the mycelium of which resembles horse-hair, 
are found on cocoa in several countries, but do no damage. 

Red Rust or Algal Disease 

Three species of algae belonging to the genus Cephaleuros cause 
this disease, which is of minor importance on cocoa. It occurs in 
Ghana, Sao Thome, the Congo, West Indies, Western Samoa, and 
Brazil. 

The symptoms are small, round patches, orange-yellow to rust-red 
in colour, which are found on the upper surface of the leaves. The 
injury to the leaves is slight, but young branches also become infected 
and dark spots are formed on the bark. Only weak, unhealthy trees 
suffer from this disease so it will not cause any damage where con¬ 
ditions for growth are good. Red rust has been found on young 
cocoa trees three to four years old, when the temporary shade has 
been removed and the permanent shade trees are not big enough to 
shade the young cocoa trees adequately. Sudden changes in the 
degree of shade weaken the trees and may lead to damage or loss 
from various pests and diseases. 


Root Diseases 

Root diseases attack cocoa in most cocoa-growing countries but 
are generally localized. They cause losses of a few trees from time 
to time and are encountered most frequently m partly thinned tor 
or where the forest has recently been removed. The usual symptom 
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of an attack by a root disease are sudden yellowing and wilting of 
the leaves, which turn brown and remain on the tree after it has 
died. 

Root diseases are usually spread by root contact, although some 
of the fungi can also grow through the soil for some distance. It is 
generally considered, though it is not finally proved, that there is very 
little spread of root diseases by means of spores. 

The most common method adopted for the control of root diseases 
is to cut down the affected tree and remove and bum bothjthe tree 
and the stump. An isolation trench, to prevent the spread of the 
fungus outwards, is dug at least eighteen inches deep round the site 
of the tree which has been removed. It may be advisable to dig 
trenches around adjacent trees also, and to extend them in order to 
provide better drainage in the immediate vicinity of the outbreak. 

The more important root diseases are the following: 


Collar Crack 

The fungus Armillaria mellea attacks many trees in temperate and 
tropical regions and is commonly known as the “ Honey Agaric ” 
It causes a serious root disease called “collar crack,” which is found 
° f To S oland > the Cameroons, and in S3o Thome 
Jl attack cocoa trees of all ages and other hosts as 

imLrW ^Ta he tre< \ thr0ugh the lateral roots and then spreads 

?° wnwards attacking the stem and tap-root. On the 

la^ravs^h^iJTvv 1116 fUD f US deveIo P s Awards along the medul- 
th/t™ ’ H • Il . thlckens and exe rts great pressure on the trunk of 

five w Smg U t0 ? rack ‘ The cracks normally extend for three to 
five feet, but may reach ten feet above the ground. An attack by this 

dusters of^eh ****** fataI t0 the tree - T* fa ngus produces 

sets; 


Root Diseases due to Rosellinia Species 

grey mycelium which covers the roots anTth 601 ^ by the smok y~ 
w^ch can be found beneath the bark of the roote myCellal faDS 
The disease occurs in patches which spread slowly, although the 
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symptoms may appear suddenly on individual trees. Infected trees 
should be cut out and the ground should be exposed to the sun. 

Root Diseases due to Species of Fomes 
Fomes lignosus, the “ white root disease,” is sometimes found on 
cocoa in a number of countries. Attacks usually occur after planting 
on newly cleared land and are worst in damp low-lying areas. The 
fungus causes the leaves to wither and fall, and this is followed by a 
general die-back. The soft, white mycelium can be found on the 
roots, and a black ring can be seen if the trunk is sawn across. 

Collar Rot 

The fungus Ustulina deusta (£/. zonata) has been found in Ghana, 
but it is more important as a cocoa parasite in the South Pacific, 
being reported from New Guinea and the New Hebrides. In the 
latter country it occurs in patches, especially in damp places. The 
fungus produces hard, grey crusts on the trunk, but there is no 
external mycelium to be found on the roots. As the fungus spreads 
by root contact, affected trees should be isolated by digging a ditch 
two to three feet deep around them, and they should be uprooted. 

The following is a report on Cushion Gall by G. A. R. Wood (Cadbury, 
Bourn ville, 1959). 

Cushion Gall 

“The first report of this disease appears to have come from 
Colombia where it has been observed in certain areas since 1940 or 
even earlier. In 1951 it was reported from Costa Rica, Panama and 
Nicaragua where it is known as ‘buba.’ More recently it has been 
found in Surinam where it is called ‘yaws,’ and a survey made in 
1958 also revealed its presence in Trinidad. 

“The disease causes hypertrophy of the flower cushions. Large 
numbers of flower buds are formed, most of which do not open. 
This growth becomes a spongy dark brown gall which may grow to 
a diameter of 3 inches or even more. Initially an affected tree will 
have only a few galls, but after a time all the cushions on the tree 
from the trunk to the smallest branches will have turned into galls, 
and, as the attack progresses, the tree becomes less and less pro¬ 
ductive. 

“It has been estimated that in parts of western Nicaragua £> per 
cent of the trees have been affected, and on some farms a lugher 
percentage. In most of the other countries from which uiedisease 
has been reported, only isolated cases have been found. This 
true of Costa Rica a few years ago, but there the disease has 
apparently been spreading and developing quite rapidly an 
become a serious problem requiring close study. 
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Defoliation of the Extremities in Cocoa 

“The cause of Cushion Gall is unknown. The fact that it 
spreads to all the flower cushions suggests that it becomes systemic; 
and, furthermore, in Nicaragua, where some affected trees were 
coppiced, galls appeared on the flower cushions on the young 
chupons. Examination of the galls has shown the presence of 
various fungi, bacteria, mites and other insects, but there has been 
no indication as to which, if any, of these is the cause or vector of 
the disease. 

“The fact that at the Imperial College of Tropical Agriculture 
most of the affected trees were young trees of Costa Rican clones, 
suggests that the disease may have been introduced in planting 
material, but in Trinidad galls have also been seen in cocoa farms. 

“In our present ignorance of this disease, it must be regarded as 
a potential danger to cocoa-growing in the countries mentioned. 
The only recommendations that can be made with regard to con¬ 
trol is that every care should be taken to see that planting material 
of all types comes from healthy trees.” 


DEFOLIATION OF THE EXTREMITIES IN COCOA 

A condition where the extremities of the branches of the cocoa 
trees are defoliated is noticeable to a greater or less degree in several 
countries, particularly where the trees are unshaded or exposed to 
wind. It occurs in Ceylon and in Western Samoa. In Eastern 
Nigeria and over considerable areas of the Cameroons it is particu¬ 
larly prevalent, and has been given the name of ‘‘leafless twig.” 
Various theories have been put forward as to the cause of this con¬ 
dition. It has been suggested that it may be due to the absence of 
certain essential minerals in the soil, or may occur in association 
with high soil acidity which inhibits the uptake of necessary minerals 
by the tree. Others contend that insect pests or mites are mainly 
responsible. It seems possible that this form of defoliation may be 
caused by different agencies in different parts of the world. 

Although West achieved a good measure of control of the trouble 
by the application of Gammalin 20 spray to the trees, the consensus 
of opinion is that insects are not the primary cause of this condition 
m the Cameroons. The possibility of its being a physiological con¬ 
dition resulting from a deficiency of manganese or copper in the 
plant is suggested. 

G. Donald and A. L. Wharton, reporting (unpublished work) on 
the condition of leafless twig in the Cameroons, say: 

,:‘ Th K e X mpt ° mS ,° f th f disease on mature cocoa trees have been 

y S ! Ve ; al WOrkers ^ ho have visite ^ the Cameroons in the 
past. The most characteristic features of the disease occur on the fan 

N 
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branches on which the leaves die and absciss in the developing buds, 
the stipules persist long after the leaves have fallen, the intemodes 
are very short, and many of the axillary buds develop into similarly 
leafless twigs, forming a type of ‘witches’ broom’. The apical buds 
are frequently flexed downwards. 

“A similar condition occurs on chupons and seedlings and is 
descriptively called ‘paint brush’ disease. The early loss of develop¬ 
ing leaves, the retention of the stipules and the shortening of the 
internodes are features in common between the two conditions, but 
axillary buds do not normally develop unless the apical bud of the 
chupon is damaged. In the opinion of the writers the two con¬ 
ditions are possibly expressions of the same disorder.” 


DETERIORATION OF THE COTYLEDON IN THE POD 

This is a condition which occurs infrequently in cocoa beans 
where the pods appear outwardly healthy. On cutting the bean, it 
will be found that there are dark stains in the centre of the cotyledon. 
The tissue of the discoloured portion will be corky and will disin¬ 
tegrate readily. Where the condition is severe, the greater part of 
the cotyledon may be affected. This disorder is not associated with 
any pest or disease and the cause would appear to be physiological, 
possibly due to nutritional imbalance, arising from some aspect 

of environment. . Tn 

Criollo type of cocoa seems to be predisposed to this detect, in 

South America the literature refers to its occurrence in Criollo 
only. It has been noted in Criollo cocoa in compounds in Malaya, 
but not in Amelonado type and has been seen in Criollo cocoa in 
one of the islands in Hawaii, but Amelonado cocoa growing there 
is unaffected. Again, it is to be found in the hybrid cocoa of p apua 
and New Guinea and Western Samoa, especially in cocoa that n 
been much inbred, and in pure Criollo in the Philippine Islands. 


EPIPHYTES AND PARASITIC PLANTS 

Epiphytes are plants which use other plants for support hut do 
not draw any food from them. They are common on cocoa trees in 
some countries. They interfere with the flowering of the tree and 

should be removed. . ... i n tc HrawinE 

Mistletoes, on the other hand, are semi-p araslti c plan , g 

some of their food from the host plant They commonon 

trees in West Africa and Ceylon, and also 

where they are known as bird vines, because they have sticky 
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which are disseminated by birds. Mistletoes can be removed by 
pruning. These plants belong to the family Loranthaceae and their 
roots penetrate the tissues of the host from which they obtain water 
and salts; in time this will cause a die-back of the branch above the 
point at which the mistletoe is attached. If the infestation is heavy, 
the yield will be reduced. 


SPRAYING METHODS AND FORMULATIONS RECOMMENDED IN THE WEST 

INDIES 

The following treatments are recommended for cocoa by Mr. 
T. E. K. Potter, head of the agricultural department of the firm of 
Messrs. Geddes Grant Ltd., of Trinidad: 


Cocoa (Planting distance 12 ft. by 12 ft) 
Black Pod Control 


Formulation 

Method 


Machine 


To 2 gallons of water add 1* lb. Perenox plus 3 fl. oz. 
Agral LN or 1 fl. oz. Agral 90. 

Drift spraying in every other row with nozzle adjusted 
at horizontal for clonal, and 10 per cent above hori- 
zontal for seedling cocoa. 

Micronette for pure stands; if interplanted, seedling 
with young clones, the Motoblo. 


Cocoa Beetle 
Formulation 

Method 

Machine 

Rate 

N.B. 


Control 

\ Ib -AT s , in ette in 2 gallons of water plus 3 fl. oz 
Agral LN or I fl. oz. Agral 90. 

branches 51 Spraying directed to base of trunk and 

Motoblo or Micronette. 

2-3 gallons per acre. 

2drUphato° Uld ^ Pr ° tective 8 loves > face-shield 


Black Pod, Moss, Thrips Control 
A dual mixture can be applied made up of • 

H lb. Perenox 
i gallon Albolineum 
li pints Didimac 25 Miscible Liquid 
1 i gallons water 

?uT^ t X ra '^ d V% U r i b^ r ,^ at o» ” te ™ k during 
mg for fear of upsetting pollination. ™ f Dldunac dunn « flower- 
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Chapter XIII 


TYPES OF COCOA REQUIRED, 
QUALITY AND GRADING 

Types of Cocoa required in Manufacture—Quality and 
Grading—Preparation and Quality—Defective Beans in 
relation to Quality—Unfermented and Underfermented 
Beans—Mouldy and Germinated Beans—Damage by Disease 
and Pests—Grubby Beans—Shrivelled Beans—Importance of 
Shell Percentage and Bean Size—Definition of Good Cocoa 
Beans and what to A void—Standards set by some Importing 
Countries—Sampling 

The care and skill with which cocoa beans are fermented and dried 
in preparation for the market will decide whether they are capable 
of being processed into palatable cocoa and chocolate. In common 
with many other vegetable products, the first stages of preparation 
are vitally important, and if cocoa beans are unskilfully and care¬ 
lessly treated at the fermenting and drying stage, the damage done 
cannot be rectified by the manufacturer. 

During the 1953-4 cocoa season, manufacturers spent some £250 
million on the purchase of raw cocoa; most of this money went to 
producers and some to their agents. Manufacturers assert, and not 
unreasonably, that they are entitled to good quality in an article for 
which they are paying such a high price. 


TYPES OF COCOA REQUIRED IN MANUFACTURE 

The bulk of the cocoa used in manufacture is of the Forastero 
type, the best known being Amelonado. This is grown in West 
ATnca and Bahia, and m increasing amounts in many other regions 

exnanrlJnth!» P?™*™ 8 which contemplate growing the crop or 
expanding the industry are naturally anxious about the type of 

U can ul besai ^ without reservation that Amelonado 
will always be acceptable in the markets of the world. It has several 

advantages from the point of view of the planter. One is that it will 

sTnd, tn » ty S 6 f en JT" 1 from As uniform cocoa re- 
sponds to a standard type of fermentation, this is a great advantage 

t the processing stage. It is less susceptible to most pests aid 
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diseases than Criollo and hybrids containing a high proportion of 
Criollo. Upper Amazon cocoa, introduced to Trinidad and later to 
West Africa, is similar in character to Amelonado and responds 
to similar treatment in manufacture. 

Criollo was much prized in times past on account of its particular 
flavour. It was the first to be introduced to Asia and the Pacific; 
Forastero was a later introduction. In Ceylon and New Guinea, for 
example, experience has shown that Criollo succumbs to pests and 
diseases more readily than Forastero or Forastero crosses. Foras¬ 
tero strains are on the increase and Criollos have proportionately 
decreased over the years. A premium is paid for the better cocoa 
from Trinidad, Ceylon and Western Samoa, most of which has an 
admixture of Criollo. In Ceylon, however, there is much picking 
over and discarding of small beans in order to get a satisfactory 
sample, and so the premium for flavour is not as great as might 
appear at first sight. 

An estate which grows a mixed lot of cocoa, such as Forastero, 
Criollo and hybrids of both, is subject to disadvantages. The most 
important of these is that it is almost impossible to get a satisfactory 
fermentation due to the fact that the length of time required by each 
type is different. Where there are marked differences in the size of 
beans, and where there is a large proportion of small beans which 
have to be sold at a lower price, the eventual profit will be reduced, 
especially when the costs of grading and picking have been taken 

into account. . . , . , . . , 

It has been stated that Criollo is better suited to high altitudes 

than Forastero, but there appears to be no evidence to support this 
view. Forastero will grow as well at high altitudes as Criollo. 

There is a great deal to be said for growing one type of cocoa, from 
the point of processing and marketing, as there is normally less 
wastage in grading. The market for high-flavour cocoas .sl^d 
and niay become more so. The American market, which is of course 
the biggest market of all, pays only a very small premium t 
flavour cocoa. 


QUALITY AND GRADING 

Most countries with large exports of agricultural ^ 

formulated grading regulations which classify |os- 

their quality. By avoiding the export of inferior qualities i P 

sible to establish a good reputation in the export ® des 

know what qualities to expect when purchasing ° Q g of the 

and whether or not these grades conform to the re D ulat 

importing country. 
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Irrespective of the kind of tree or the type of cocoa from which the 
raw beans have been derived, the quality eventually depends on the 
manner of handling during harvesting, processing at the plantation, 
storage and transportation. There is much wastage of cocoa in pro¬ 
ducing countries through lack of appreciation of the fact that it 
is a product which can only be manufactured into edible food if 
it arrives at the factory in good condition. 

When the Americas, apart from Brazil, were the main suppliers of 
cocoa, the terms “fine” and “quality” were frequently used. These 
terms usually referred to a particular character or flavour, rather 
than to the quality of the beans in respect of their size, uniformity, 
butterfat content, or high standard of preparation. Flavour, as a 
character, was of more importance in the days when manufacturers 
had to rely on different flavours to make up a desired blend. 

Criollos and allied types were the cocoas with distinctive flavours. 
Forasteros, of which Amelonado provides the bulk, have a good 
chocolate flavour. As Brazil and, later. West Africa, both of which 
grew large quantities of Amelonado, came to supply more and more 
of world needs, the U.S.A. and the U.K. became accustomed to the 
use of this basic type of cocoa. 

For a time there was a keen general demand for flavour cocoas 
from the Americas, Ceylon and Java, and high premiums were paid 
for these for the purpose of blending basic cocoas with them. But 
as the supply of basic cocoa mounted until it formed the over¬ 
whelming bulk of world supplies, flavour cocoas were used mainly 
to produce the required blends. Again, the increased supplies of 
basic cocoa coincided with the rise in popularity of milk chocolate 
or which the mild flavour of Amelonado cocoa is particularly 
smted. While premiums are still paid for some flavour cocoas, 
the demand for these is mainly confined to certain European mar- 

produced am ° UnlS ,0 between 5 10 per cent of all the cocoa 

the terms “ fine ” and “quality” are still retained in 
fro^ defahs'. C0C ° a ‘ S ”° W mam ' y •> Udged °° its pUrity and frtedonl 


FRBPA RATION AND QUALITY 
oi wmcn apply to cocoas from other parts of the world: ^ 
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Preparation 

(a) Only beans from clean, well-grown, fully ripe and disease-free 
pods are to be fermented. 

(b) Fermentation of beans from freshly-picked pods should be 
carried out under the best conditions possible, preferably in lots 
of not less than 400 lb. wet weight. 

(c) During fermentation, the beans should be handled in such a 
way that the whole batch is evenly fermented (over- and under- 
fermentation being equally avoided) and adequately aerated. 

(d) Drying should be carried out immediately on the completion of 
the fermentation, and conducted in such a way as to be complete 
and uniform. At the start, drying should not be too rapid as 
otherwise the testa shrinks and adheres to the cotyledons. 

(e) Drying should be carried out to such an extent as to ensure the 
keeping qualities of the beans, care being taken that at no stage 
thereafter they become exposed to moisture or insect infestation. 

Quality 

1. Beans prepared according to the above recommendations should 
have the following characteristics: 

(a) They should be plump and of even size, of not less than 
1 gram fermented dry weight. 

(b) The shell should be loose and intact. 

(c) The cotyledons should be friable, of open texture and 
chocolate-brown colour. On roasting they should develop 
the characteristic chocolate flavour. 

2. The following characteristics are undesirable: 

(a) Beans affected by mould. 

(b) Under-fermented beans having violet or slaty cotyledons. 

(c) Beans affected by insect attack (weevil, etc.). 

\d) Flat, immature, small and broken beans. 

(e) Germinated beans. 


DEFECTIVE BEANS IN RELATION TO QUALITY 

Grading, except where the term is applied to beans of different 
sizes in a sample, takes into account defects which influence the 
character and flavour of the finished product. Such defects are. 
mould, slatiness, grubs (i.e. insects), germination and shrlve * ll "f; 

Cocoa readily acquires extraneous flavours after drying, and during 
storage or transit it must be kept apart from other products of 
strong flavour. A flavour may be acquired in the plantation store or 
during storage in a dwelling-house. Where the beans become con- 
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Mouldy and Germinated Beans 

taminated through contact with copra or with odours from domestic 
cooking or smoke, the contamination persists and will be detected 
in the manufactured product. 

UNFERMENTED AND UNDERFERMENTED BEANS 

Unfermented beans may have been merely dried after removal 
from the pod, or fresh beans added at a late stage in fermentation. 
They are usually graded as “slaty,” as they are slaty-grey in appear¬ 
ance. The cotyledon is closely packed and leathery, and the shell 
adheres closely to the cotyledon so that in the factory it is impossible 
to separate the shell completely from the nib. Unfermented beans 
do not produce a chocolate flavour on roasting; the fat, which is 
about 2 per cent less than in fermented beans, is impossible to extract 
by normal means and extra cocoa butter has to be added in working 
the mass. The bitter astringent chocolate derived from them is of 
a blue-grey colour instead of the typical brown associated with good 
chocolate. They cannot be made into an edible cocoa or chocolate 
and they are only used for the manufacture of cocoa butter and 
theobromine. 

Underfermented beans are usually the result of one of the follow¬ 
ing: fermenting of the mass for an insufficiently long period; in¬ 
complete mixing of the mass during fermentation; the fact that 
temperatures attained during fermentation were not sufficiently 
high. 

As such, underfermented beans are not so easily assessed before 
roasting as are unfermented beans. When they are derived from 
beans that have been treated in a fermenting-box they are usually 
purple; the degree to which this colour is evident is a rough guide 
to the extent of underfermentation. It must be noted, however that 
the colour is not an infallible guide. Chocolate prepared from 
underfermented beans tends to be astringent, depending on the 

degree of underfermentation, and the chocolate flavour is corre¬ 
spondingly weak. 


MOULDY AND GERMINATED BEANS 

Mould is a serious defect which may render the beans almost use¬ 
less for any form of manufacture and will communicate its un¬ 
desirable characteristics to the rest of the mass in which it is mixed 
the unpleasant flavour imparted being evident in the finished 
choc° Iate Which will be unfit to eat. Thif is true even win mouldy 
beans are present in quite small quantities. ^ 

c* ^ “'I? 111 a “ ount of mould on the outer sheU may not neces- 
rily affect the cotyledons, but during storage mould inly form is 
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liable to increase. Only two or three kinds of mould are capable of 
penetrating the shell, and the point of entry is where the radicle 
would emerge if the bean were to germinate. Possibly the shell is 
weaker at this point, especially if it has advanced towards germina¬ 
tion. Where the more aggressive moulds have penetrated the shell, 
others will follow. 

Apart from objectionable flavours which are impossible to elimin¬ 
ate in the process of manufacture, the fibre of the cocoa is rendered 
useless, the free fatty acid of the cocoa butter is increased and only 
after expensive refining can it be converted into an odourless fat for 
specialized use. Even as little as 4 per cent of mouldy beans in the 
mass can be detected in the chocolate. 

It is normal for beans to carry a certain amount of inoffensive 
moulds while in the fermenting-box or in the early stages of drying, 
but these are not usually the moulds that cause damage eventually. 
The offensive moulds are usually developed during storage under 
conditions where the necessary precautions are not taken to pre¬ 
vent them. They are particularly liable to occur where the beans 
have been insufficiently dried, where the moisture content is 8 per 
cent or over, and where atmospheric humidity is as high as 80 per cent. 

To prevent mould it is necessary to provide well-aired stores, to 
insulate the bags from the floor with layers of wood of adequate 
thickness and to stack the bags so that they do not touch the walls. 
It is obvious that it is undesirable to store cocoa for long periods in 
a humid climate. When this has to be done, the use of polythene 
liners in the bags should be resorted to. Care should be taken, how¬ 
ever, to ensure that the beans are thoroughly dry before being put 
into the polythene-lined bags. 

Germinated beans are, of course, particularly vulnerable to the 
entry of moulds, and in any sample of cocoa they are usually the 
worst, or the only ones, affected. They are similarly vulnerable to 
insect attack. In fact, it can be said that, under normal conditions 
of handling and storage, a cocoa bean with the shell intact is well 

protected from moulds or insects. 

Beans with broken shells, due to the seed coat being cut when the 
pod was being opened, or cracked by rough handling after drying, 
are subject to most of the disadvantages of germinated beans. 

Washing of beans during or immediately after fermentation tends 
to make the shell brittle, and where beans have been much washed a 
large proportion may get broken in handling the bags during tran 
sit. When such consignments are sifted in the factory, there is ha e 
to be an accumulation of broken beans which create a special 
problem for the manufacturer, as broken beans are difficult to roast 
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and pass through machinery designed for whole beans. Such beans 
are usually relegated to the manufacture of the less expensive lines 
of chocolate. 

It has been pointed out that an important aspect of broken beans 
is that they are primarily responsible for the maintenance of the 
insect population in the cocoa sack, and if germinated and broken 
beans were eliminated, the insect population would almost disappear. 

DAMAGE BY DISEASE AND PESTS 

Where pods have been attacked by black pod fungus and the 
fungus has penetrated the pod wall, some or all of the beans may 
be affected, and beans which have been attacked by Phytophthora 
palmivora do not ferment properly. The eventual yield of cocoa 
butter may be only half that of normal beans and it may contain as 
much as 40 per cent of free fatty acid, and has to be refined before 
it can be used in any form. 

The inclusion of beans which have been partially or severely 
attacked by fungus in the fermenting mass has the effect of slowing 
down the process of fermentation and may render satisfactory fer¬ 
mentation impracticable, as such beans have the tendency to hinder 
the mass from attaining to the correct temperatures, and a high pro¬ 
portion of purple beans may result. Diseased beans, when dry, 
have a characteristic texture, known in Nigeria as “velvety,” and 
are not accepted for sale in that country. If these beans are manu¬ 
factured into chocolate, their flavour is akin to that of mouldy 
beans and is extremely objectionable. 

Where parrots, monkeys and squirrels have partially eaten pods, 
the seeds are susceptible to attack by fungus. 


UKUBBY BEANS 


There are obvious objections to insects in any form in a foodstuff. 

JnTt^ aJ h° r ° f stored r cocoa ^ the moth, Ephestia cauteUa, 
and the beetle, Araecerus fasciculatus. The caterpillar of Ephestia 

not penetrate an unbroken cocoa bean shell but Araecerus 

idamed'LdfTn IT 0 * 7 inSeC ‘ S ° f ,ropics - but tte former has 
3 d ' tself to in temperate climates where it is a constant 

m^iace to cocoa and other stored food products. 

The tobacco beetle, Lasioderma serricome, has in recent vears 

^^Tha/be'enno^T 351 "® ™P ortance in Wcst Africa. Prior to 
but not rrL b w° n several in cocoa from Nigeria 

number SSST JSSZS* * ** “ *— a 
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The infestation probably occurs in the farmer’s house or in the 
broker’s store by cross-infestation from other foodstuffs. Infestation 
may continue to develop after the cocoa has been packed, and larger 
bulks can progressively become infested as they move to the ports 
for shipment. 

An increased awareness by manufacturers of the undesirability of 
insect pests in general is leading to an increased attention being paid 
by exporting countries to problems of insect infestation. It may be 
necessary in future to subject all affected cocoa to some form of 
treatment to prevent further development of infestation. 

Infestation can be controlled in several ways. The best method is, 
of course, to pay increased attention to hygiene in brokers’ and 
exporters’ stores. In these buildings cleanliness is of prime impor¬ 
tance and must receive unremitting care and attention. The spraying 
of empty stores, railway trucks and other means of transport with 
some form of insecticide should be matters of routine. 

Infested beans must be specially treated. This is best done by 
fumigation under carefully controlled conditions using either methyl 
bromide or ethylene oxide. Spraying stacks of stored cocoa with 
insecticides such as pyrethrum in mineral oil is of value in preventing 
the spread of infection from an infested bag to a clean one. It seems 
unlikely, however, that this will prevent the development of infesta¬ 
tion in the bags in the centre of the stack. 

Infestation can also occur on board ship. Probably much of the 
infestation which is observed in beans reaching the manufacturer 
arises from this source and occurs where cocoa is being stored close 
to other foodstuffs, such as groundnuts. Such cross-infestation is 
inevitable unless all the foodstuffs carried in the ship have been 
treated previously. 


SHRIVELLED BEANS 

Flat, thin, or shrivelled beans, may contain little or no cotyledons 
and a high percentage of shell. 


IMPORTANCE OF SHELL PERCENTAGE AND BEAN SIZE 

Even-sized beans are preferred because those differing widely in 
size are difficult to roast evenly. The shell percentage generally 
remains constant in beans weighing over 1 gram, but below tna 
weight it rises rapidly. Furthermore, there is much greater varia¬ 
tion of shell percentage in beans below 1 gram weight. The sneii 
percentage is lowered by washing, and in cocoa from Ceylon an 
Western Samoa where cocoa is washed, it may be as low as p 



99. A stab sampler being used to with- 100. A sample of beans being cut for 

draw beans from sealed bags grading at a buying station in Ghana 


101. Samples of cocoa being graded before shipment at Accra 







102. Typical samples of beans, 
West Africa 





104. Stored cocoa showing external 
and internal signs of damage by 
pests. (Left) the beetle Aroecerus 
fasciculatus. (Right) the cocoa moth 
Ephestia sp. 
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Importance of Shell Percentage and Bean Size 

cent. In West Africa the shell percentage of main-crop cocoa is 
11 to 12, in the Americas about 14, and may be as high as 16 per 
cent. When claying was common practice in the West Indies and 
certain American countries, this added to the weight of the shell, 
sometimes up to 3 per cent. The earth and dust that collect on the 
beans in careless handling before bagging, and moulds that may 
develop later, can give rise to considerable increase in weight of shell, 
up to 3 per cent in some cases. 

The main use of the shell is that of a container for the cocoa nib 


during transport and storage and it is of practically no value to the 
manufacturer. It has limited use as a stock feed because of its 
vitamin D content, but is unsuitable for inclusion in the diet of 
poultry or young animals because of its theobromine content. Al¬ 
though sometimes used in conjunction with other feeding stuffs for 
stock, it has, apart from its low nutrient value, the disadvantage that 
it readily absorbs large quantities of moisture, up to three times its 
own weight. 


The fat content is affected by the bean size. Beans weighing less 
than 1 gram have a much lower proportion of butter fat than those 
above that weight. Beans of £ gram weight have as much as 5 per 
cent less butter fat than the average bean of 1 gram or over. Since 
a great part of the chocolate industry is based on the availability of 
cocoa butter, the amount of fat in the nib is of primary importance. 
Bean size can, apart from genetic factors, be affected by the season. 
The mid-crop which develops mainly in the dry season in West 
Africa has a larger proportion of small beans than the main crop 
which develops in the wet season. The crop which is harvested in 
Ghana and Nigeria in May-June is termed “mid-crop” or “light- 
crop ” and the bean weight is below that of the main crop which is 
harvested in October-January; main-crop beans generally weigh 

.°r* °u m ° re P er 300 beans. It is sometimes found that where the 
rainfall has been below normal during the wet season in certain 
iocahUes the bean size may be below the average for that area. 

The shell percentage and bean size are two factors of very con¬ 
siderable economic importance to the manufacturer. Consignments 
of cocoa with a high shell percentage or an admixture of shrivelled 
beans with little or no mb or consignments with a large proportion 
of small beans are much less profitable to manufacture unless they 

have been bought at a price below that ruling for cocoa of average 
bean size and shell percentage, ° 


O 
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A DEFINITION OF GOOD COCOA BEANS, AND WHAT TO AVOID 

Mr. R. V. Wadsworth, formerly Chief Chemist, Cadbury Bros. 
Ltd., in defining the kind of bean required for manufacture, says: 

“The manufacture of cocoa and chocolate requires a cocoa bean 
which has: 

“(i) A brown colour and produces a good, clean, strong choco¬ 
late flavour on roasting; in other words, has been well pre¬ 
pared. 

“(ii) The lightest shell percentage compatible with protecting 
cotyledons from breakage; this, as suggested, should be 10 
per cent. 

“(iii) A high fat content in the cotyledon. Here it is suggested that 
60 per cent should be the minimum aimed at by the plant 
breeder. 

“There is no need to emphasize that constancy in these factors is 
a most desirable quality.” 


STANDARDS SET BY SOME IMPORTING COUNTRIES 

In the U.S.A. there are regulations defining the quality of cocoa to 
be imported. The United States Pure Food Laws provide that cocoa 
shall contain not more than 10 per cent mould-plus-weevil, and not 
more than 5 per cent mould. The New York Cocoa Exchange pro¬ 
vides for the following classes: 

Class 1. Slatiness not more than 10 per cent and all other defects 
not more than 8 per cent. 

Class 2. Slatiness not more than 10 per cent and all other defects 
not more than 15 per cent. 

Class 3. Slatiness more than 10 per cent but all other defects not 
more than 8 per cent. 

Class 4. Slatiness more than 10 per cent but all other defects not 
more than 15 per cent. 

Cocoa with more than 15 per cent defects other than slatiness is 
non-tenderable by members. 

In the United Kingdom there are no Government restrictions m 
respect of the quality of imports of cocoa. Cocoa is sold to manufac¬ 
turers through brokers who belong to associations like the Cocoa 
Association of London. These have drawn up various types of con¬ 
tracts which, amongst other things, define the quality of the cocoa. 
Nowadays, cocoa is sold under a type of contract known as A.ll. 
In this the clause defining quality states: 
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Quality on arrival to be good fermented (or fair fermented); if 
inferior thereto, a fair allowance, in case of need, is to be made, 
to be settled by arbitration in London. 

Samples from not less than 30 per cent of the sound bags only, 
weighing approximately not less than 2 kilos, or 4 lb., shall be 
drawn and sealed promptly at the time of discharge in accordance 
with Clause 10. 

Buyers shall notify Sellers of any claim for inferiority of quality 
within 28 days of the final day of landing. . . . 

TCie quality stipulated is nearly always “good fermented,” for 
which the limits are 5 per cent defective and 5 per cent slaty. The 
second grade in the United Kingdom is “ fair fermented,” with limits 
of 10 per cent defective and 10 per cent slaty. 

In the United States “fair fermented” is the description applied to 
the Class 1 cocoa already defined—8 per cent defective, 10 per cent 
slaty. 


SAMPLING 


Sampling is carried out mainly on large consignments at ports of 

export or main buying stations. Samples are extracted from a limited 

number of bags by means of a stab-sampler, and the defects are 
assessed. 


Bulk sampling by this method is an essential and valuable check 
on bagged cocoa, but it may be deceptive, as odd bags of bad cocoa 
in a large consignment may be overlooked. 

Cocoa sampling cannot approach accuracy unless vast numbers of 
beans are cut. In West Africa there is often considerable variation 
in quality between bags and even within individual bags. The 
purity is the percentage of good beans in a sample. A single 
sample gives a more accurate estimate of the purity of a consim- 
ment when the purity is high than when it is low. The estimates 

*5® 00003 is uniform 11131 when it is variable. 
ix l v* fr ° m t 5 C , Pro ? uce Regulations appearing in Appendices 
IX and X give useful guidance on the framing of such regulations. 
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Chapter XIV 

WORLD PRODUCTION OF COCOA 


Review of Development of Cocoa-planting—Future Expan¬ 
sion—Countries where Further Planting may take place — 
Development in Ghana—Age Distribution and Output — In¬ 
fluence of Producer Price on Planting—Analysis of some 
Factors which may Influence Future Production 

Until early in the present century the Americas grew most of the 
cocoa, but the lead was gradually wrested from them by West Africa 
which has retained its predominant position for the past thirty years. 
In the past five years Ghana, the Ivory Coast and French Cameroons, 
and Nigeria, together with the smaller producing countries of West 
Africa, namely Spanish Guinea, the Congo, S3o Thom6 and Prin¬ 
cipe, and Brazil in South America accounted for 84 per cent of 
world production. West African countries alone were responsible 
for 68 per cent of world output during that period. 


REVIEW OF DEVELOPMENT OF COCOA-PLANTING 

In common with other tropical crops grown for commercial pur¬ 
poses, cocoa needs suitable conditions of soil and climate and there 
must be an adequate supply of labour available. These, together 
with reasonable communications, are basic requirements. 

The pattern of cocoa-growing has changed radically in the past 
sixty years. It was developed first as a commercial crop on individu¬ 
ally owned estates. Development by smallholdings took place in 
the Americas with the liberation of slaves, but planting by com¬ 
panies is a more recent development. The position today is that the 
growmg of cocoa in the important producing territories in West 
Afnca is almost exclusively in the hands of small African fanners. 
Estates, either company owned or individually owned, are respon- 
sible for only a small part of the total production. In Brazil, the bulk 

°^ t ” i C ? coa IS S rown by smallholders, but considerable amounts are 
grown by company-owned and individually owned estates. Else¬ 
where m the Americas the main production is by medium-sized or 

smanh eS S teS ’ . althou g h t b ere is a certain amount of production by 
smallholders m some of the islands in the Caribbean y 
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In Western Samoa, where the industry began as an estate industry, 
smallholders now produce more than the estates. Similarly, in New 
Guinea, where previously it was exclusively an estate industry, the 
inhabitants of the Gazelle Peninsula have of recent years planted up 
large areas. Developments and trends in Papua and New Guinea 
indicate that it is only a matter of time before the peasant will become 
the more important producer. 


FUTURE EXPANSION 

Large-scale expansion in most countries will, in the future, prob¬ 
ably be undertaken by peasant communities and by large companies 
with substantial capital. Costs have risen so high of recent years 
that it is difficult for the small man wishing to make a plantation of 
ten to twenty acres to find the capital necessary to establish his cocoa 
and subsist until the plantation brings a profitable return. The same 
applies to the planter who contemplates a few hundred acres. 

Peasants who can combine the planting of cocoa with the growing 
of food crops or cash crops, such as bananas, have little in the way of 
outlay, apart from the cost of equipment for fermenting and drying. 
As the cost of these items will have to be met only when the planta¬ 
tion comes into bearing, finding the money need not be difficult. 

The extent to which significant planting by companies will take 
place in the future will depend greatly on the encouragement given 
by the governments of the countries concerned. Necessary forms of 
encouragement are the provision of communications; information 
about the soils and other technical services normally supplied by a 
department of agriculture; reasonable terms of entry into the land 
and security of tenure for a sufficiently long period. Some countries 
are now prepared to put up capital for the development of land by 
plantations, the process of development being undertaken by cor¬ 
porations locally sponsored or in conjunction with companies who 
may also be prepared to put up capital. 

COUNTRIES WHERE FURTHER PLANTING MAY TAKE PLACE 

The French Ivory Coast has large areas in the south-west and lesser 
areas elsewhere which, if developed, would make that territory one 

of the world’s biggest producers of cocoa. . 

Ghana still has areas of land for planting, although only a limited 
part of the unexploited forest is suitable for cocoa. Sufficient land 
remains unplanted which could add several thousand tons to the 
present output. 
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Nigeria has also large areas in the Western Region and some in 
the Eastern Region still unexploited. The Cameroon has large tracts 
of land suited for cocoa, especially in Kumba Division. 

The Congo, where a high standard of skill is applied to the grow¬ 
ing of cocoa, continues to extend the areas under plantations. 

In eastern North Borneo there are large tracts of land containing 
rich volcanic and alluvial soil eminently suited to cocoa. Rainfall 
is adequate and well distributed; temperatures are suitable. There 
is exceedingly good growth of cocoa on estates already established. 
Labour flows freely into this colony from Indonesia. Large-scale 
development in growing cocoa can be anticipated and North Borneo 
may well become one of the world’s largest producers. 

Soil surveys in Malaya indicate that there are large areas of soils 
with a texture suitable for cocoa. Certain types grow better here 
than others, and research is going on to decide what is the best type 
to grow. 

The island of New Britain, Bougainville and some of the small 
islands in this region have been growing cocoa for a number of years. 
Planting has increased steadily since the war; but the most spec¬ 
tacular increase has been achieved by the peasants of the Gazelle 
Peninsula who have planted one million trees, mainly through their 
food farms. There are large areas of land capable of development 
both on the mainland of Papua-New Guinea and some of the islands. 
Company planting will expand and there will be a large increase of 
planting by local tribes, both in the Gazelle Peninsula and, in due 
course, on the mainland. 

Fiji has large areas of land suitable for growing cocoa. Con¬ 
siderable planting may be expected there in due course. 

Western Samoa has a large reserve of land as yet untouched, 
but the need to grow food crops by the rapidly increasing population 
will eventually set a limit to the area which can be reserved for cocoa. 
The present annual output is around 4,000 tons and this figure will 
be increased considerably in the next few years. 

Mexico, which has expanded its production in recent years, has 
further large areas suitable for planting. There is considerable new 
planting in Costa Rica. Most of the South American countries, 
including Brazil, are extending their areas under cocoa. 


DEVELOPMENT IN GHANA 


An analysis of some of the reasons for the slowing down of ex- 
pansmn in Ghana is interesting. Establishing cocoa in Ghana in 
the early days was a fairly simple and inexpensive process. Forest 
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was cleared, usually within fairly easy reach of the village, and 
food crops were planted. The land was occupied with food crops for 
one or two years, and cocoa was planted in the first or second year 
of farming. The food crops provided the necessary lateral shade, and 
the weeding and attention given to the other crops were sufficient 
to enable the cocoa seedlings to establish themselves before the farm 
was abandoned. Nine to ten years later, the cocoa, having been 
closely planted, was able to hold its own against the forest growth, 
and at this stage received attention from the farmer in the form of 
clearing away the undergrowth and thinning. Cocoa grown in this 
way took anything from ten to fifteen years to come into bearing, 
but the cost of establishing it was negligible. 

The extra labour, whether employed by the year or as casual 
labour, was extremely cheap. Some years ago it was common to hire 
a labourer in the cocoa areas by the year for as little as £5 to £8, with 
some additions in the form of free farming land and other per¬ 
quisites. 

As time went on, a great part of the area in the Eastern Province 
of Ghana was planted up in this way and planting spread to Ashanti 
on similar lines. As land became more difficult to come by in the 
Eastern Province, people emigrated from there into Ashanti and the 
Western Province where suitable land was more plentiful. 

The planting by groups or individual emigrants was of course on 
a much smaller scale than that practised by the local farmers who 
fanned out around the villages of the Eastern Province and in Eastern 
Ashanti. Most of the areas where this form of expansion took place 
were remote from large villages, and very often at some distance 
from roads. Labour here was therefore not readily available. The 
planting of food crops might or might not be worth while, depending 
on the accessibility of the site to a motor road. 

Thus it will be seen that what might be called the second stage of 
expanding the cocoa industry in Ghana was and is a much slower 
process and is also more costly than hitherto. 

In more recent years, accessible land has become much scarcer 
than formerly; the cost of land to the immigrant is higher; labour 
is scarcer and much more expensive; cost of materials, including 
cocoa seed, and cocoyam and banana suckers for ground shade, is 
much higher than previously. 

The facilities which made for such rapid expansion in the ear y 
stages in the history of the industry in Ghana became less available 
as time went on. Although planting went on continuously, produc¬ 
tion, averaged over a number of years, tended to fall slightly rat er 
than to increase. This can be explained by the increased incidence or 
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capsid attack, losses through swollen shoot and heavy losses through 
black pod in years of unfavourable rainfall. To these influences 
which limit production may be added the ageing of trees and con¬ 
sequent lowering of yield and the exhaustion of fertility where cocoa 
was planted on marginal soils. 

The conditions which made for rapid expansion of production in 
Ghana, followed by slowing down of output, apply to the other 
important producing countries of West Africa and to some extent to 
Brazil. 


AGE DISTRIBUTION IN RELATION TO OUTPUT 

It has been stated that cocoa gives its best yield between the ages 
of 15 to 25 or 30 years. It will, of course, continue to give a high 
yield for much longer than this on the best soils, but on poor or 
marginal soils, yield-decline will set in earlier. The history of 
cocoa-planting indicates that there is a large proportion of the 
world’s cocoa over 30 years old and as a great deal of it is planted 
on indifferent soils, the yield of a considerable part of the cocoa 
of the world may be expected to be on the decline. Quite apart 
from what might be called “natural ageing,” premature senility is 
induced widely by insect attack and to a lesser extent by fungus and 
virus. 

It is self-evident that the cocoa to be reaped during the next five 
to ten years must come from cocoa already planted. There is not 
sufficient information on planting which has taken place through¬ 
out the world in the past ten years to make it possible to estimate 
how far new plantings will influence total world production in the 
near future. In Ghana, where the proportion of new planting is 
higher than in most other countries, it is estimated that some 33 per 
cent of the trees are over 30 years old; that 40 per cent are between 
15 and 30 years old and 27 per cent are under 15 years old. Estimates 
of age distribution in Nigeria indicated the percentages of trees in the 
same age groups to be roughly similar, and the same applies to the 
Ivory Coast. 

The percentages of young cocoa in these three important cocoa- 

producing countries are reasonably high, and are much higher 

than are to be found in any of the Americas, with the possible excep¬ 
tion of Mexico. r 

INFLUENCE OF PRODUCER PRICE ON PLANTING 

. A de , a ! has h*™ written about the influence of price on plant¬ 
ing. While it is certain that a prolonged period of low prices slows 
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down planting throughout the world, a few years of high prices do 
not lead to an immediate increase in planting. It is equally true that 
short periods of phenomenally high prices do not necessarily alter the 
general trend of planting. The greatest stimulus to planting is pro¬ 
vided where prices to the producer are maintained at a profitable 
level for several years. 

ANALYSIS OF SOME FACTORS WHICH WILL INFLUENCE FUTURE 

PRODUCTION 

It is not possible to apply statistical methods to estimate future 
world production year by year, or to estimate the average annual 
production during the next five or ten years. Even if the areas 
planted, and the areas which have gone out of production could be 
estimated with accuracy, it would still be impossible to compute 
what production should be. Weather is the main factor in in¬ 
fluencing high or low outputs. Weather conditions in the large 
producing countries of West Africa and Brazil may be responsible 
for raising or lowering world production in any one year by thou¬ 
sands of tons. 

A high or unfavourably distributed rainfall may result in a high 
incidence of black pod and consequently lower output. A low rain¬ 
fall may operate to the advantage of the crop, as was seen in West 
Africa in the season of exceptionally low rainfall in 1956-7, when a 
record crop was harvested. An exceptionally low rainfall may, how¬ 
ever, result in a low yield, as has happened in Brazil on one occasion. 
A low rainfall may also cause a setback to cocoa on the lighter soils. 

Increased production will depend on several factors and some of 
these are: 

1. Exploitation of new land. 

2. Replanting of land previously in cocoa and the rehabilitation of 
old plantations. 

3. The success with which pests and diseases can be kept under 
control. 

4. The extent to which improvements in cocoa culture can be 
evolved and adopted. These would include the use of mineral 
manures, including trace elements, to stimulate increased yields, 
to maintain yields at profitable levels and to make profitable the 
use of lands which would otherwise be marginal or unprofitable. 

5. The extent to which scientists are able to provide improved plant 
material, capable of giving good yields and adaptable to a wide 
range of conditions of soil and climate and not unduly susceptible 
to pests and diseases. 

Considerable areas of land have been planted within the past ten 
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years. There has been some planting in the form of estates but most 
of it has been by small farmers. A good deal has taken place in 
Ghana where there is estimated to be about one million acres of new 
plantings and replanting of areas previously in cocoa. Although 
considerable advances have been made by farmers in West Africa in 
the matter of planting and tending their trees in recent years, it is 
still true that a great deal of the cocoa planted by small farmers in 
that country will take from ten to fifteen years to come into bearing, 
so that the full effect of this extensive planting will not be evident for 
a long time. Furthermore, although measures for pest and disease 
control are now being extensively employed in Ghana, quite large 
areas of the cocoa planted during the past ten years will not have 
had, for instance, the benefit of spraying and will consequently have 
been set back or killed by capsids. Again, a proportion of the new 
plantings will have been on poor soil or soil overlying hardpan and 
will therefore die off. An area approaching 100,000 acres, cut out in 
the process of controlling virus disease, has to be set off against the 
net increase of total output. It might be misleading to take figures of 
estimated new plantings and multiply them by an assumed figure of 
out-turn of so much per acre in order to arrive at a possible net 
increase, without giving due weight to the points mentioned above. 
These reservations apply in a greater or less degree when the effect 
of new plantings in Nigeria and the Ivory Coast also is being con¬ 
sidered. 

In the past four years great advances have been made in West 
Africa in techniques for controlling capsids and reducing losses from 
black pod. If there is extensive and sustained application of these 
techniques in the larger producing countries in West Africa, output 
will be increased by several thousand tons. It must, however, be 
emphasized that large increases in world output can only be brought 
about by the extensive, efficient and sustained application of control 
measures in the main producing countries. 

Due to the work of agriculturists, specialists and planters, a great 
deal has been learned about the effect of environment, but so far 
none of this knowledge can be applied in a general way to ensure 
much improved results in cocoa culture. There have been some 
useful results from the use of mineral manures and trace elements 
here and there, but these results will not be applied on a sufficiently 
extensive scale to increase world output for a long time hence. 

Plant breeders both in West Africa and Trinidad have had spec¬ 
tacular success in evolving high-yielding strains of cocoa. Again 
it must be appreciated that the effect of this work on world output 
will not be felt for some time to come. r 
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During the past five years 1952-3 to 1956-7, annual world output 
has averaged 800,000 tons. In this figure is included the record out¬ 
put of nearly 900,000 tons for 1956-7 and would include figures 
for mid-crops of that season. On the basis of these figures it would 
seem reasonable to assume that due to the increase in the area 
under cocoa, and the fact that pest and disease control is now more 
efficient, an average annual output of 800,000 tons and upwards 
could be expected in the next five years. However, if reference is 
made to past figures of world production, such an assumption may 
be unduly optimistic. For instance, in 1938-9 world output was 
787,000 tons, but ten years later, 1947-8, it was 603,000 tons, a 
matter of 184,000 tons less. In 1950-1 output was 803,000 tons but 
the following season it was 636,000 tons, a drop of 167,000 tons. The 
most significant figure of all is the average output for the ten-year 
period 1941 to 1951 which was 663,500 tons. 

It will generally be accepted that the record high output of 1956-7 
was due to the coincidence over the whole of West Africa of par¬ 
ticular weather conditions which stimulated a high yield. The same 
was true for Brazil. The importance of weather conditions becomes 
obvious when the 1956-7 figure of some 900,000 tons is compared 
with the output in 1951-2, only six years previously, when the world 
output was 636,000 tons, which is 264,000 tons less. Compared with 
the output (603,000 tons) for 1947-8 ten years previously, the 
difference is some 300,000 tons. 

The figures for world production in the past five years indicate a 
definite upward trend, and apart from the fact that the good average 
out-turn is in part due to a succession of favourable seasons, some 
of the increase is due to new plantings. Since much of the new plant¬ 
ing has taken place within the past ten years, its effect on world out¬ 
put will be more noticeable during the next eight to ten years. 


CONCLUSION 

In view of the fact that the weather can influence annual output by 
between 200,000 and 300,000 tons within a few seasons, it would 
be idle to attempt accurate forecasts of annual world production 
during, say, the next five years. What can be said with confidence 
in this connection is that world potential production has increased 
in recent years, and, as the result of new plantings particularly, 
there will be a gradual increase in world output in the next ten 
years. The order of the increases will not be such as to embarrass 
the manufacturer or the distributor, or depress prices to the level 
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which will make cocoa an unprofitable crop for the producer. Even 
if world production went up by an average of 100,000 or 150,000 
tons per annum during the next ten years, this amount can readily 
be absorbed in world markets. 
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Table No. 10 

WORLD PRODUCTION OF RAW COCOA 
(in thousand long tons) 


Year 

Ann. 

Prod. 

5-year 

Av. 

Year 

Ann. 

Prod. 

1 

5-year 

Av. 

Year 

Ann. 

Prod. 

5-year 

Av. 

1900 

mm 


1920 

369 


1940 

670 


1901 

mSm 


1921 

387 


1941 

654 


1902 

mSm 


1922 

404 


1942 

662 


1903 

mSSM 


1923 

449 


1943 

601 


1904 

149 

121 

1924 

500 

422 

1944 

554 

628 

1905 

144 


1925 

488 


1945 

614 


1906 

147 


1926 

470 


1946 

618 


1907 

148 


1927 

481 


1947 

621 


1908 

189 


1928 

506 


1948 

603 


1909 

201 

166 

1929 

529 

495 

1949 

779 

654 

1910 

217 



479 


1950 

756 


1911 

236 


1931 

524 


1951 

802 


1912 

227 


1932 

549 


1952 

635 


1913 

249 


1933 

617 


1953 

787 

750 

1914 

273 

240 

1934 

580 

550 

1954 

770 


1915 

292 


1935 

691 


1955 

784 


1916 

292 


1936 

725 


1956 

833 


1917 

343 


1937 

746 


1957 

886 


1918 

270 


1938 

717 


1958 

768 


1919 

463 

332 

1939 

787 

733 

1959 

903 

835 


Figures for 1900-1930 are taken from The Gordian ; those for 1930-1946 
from the paper given by L. A. Byles at the 1951 London Cocoa Conference, 
and those for 1947-1958 from Gill and Duft'us. 
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WORLD PRODUCTION OF RAW COCOA (THOUSAND LONG TONS) 
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COCOA PROCESSED IN COUNTRY OF ORIGIN 
{ThousandLong Tons) 




Chapter XV 

WORLD CONSUMPTION OF COCOA 

Main Consuming Countries—Importance of Price — Difficul¬ 
ties of Forecasting Supply and Demand—Economies in Use 
of Cocoa in Manufacture—Possibility of Change of Habit oj 
Consumers—Conclusions 

MAIN CONSUMING COUNTRIES 

Over three-quarters of the world’s raw cocoa is consumed in seven 
countries. A third of the whole is consumed by the United States, 
and the United Kingdom, which is next in importance, accounts for 
one-sixth. Other important consumers are Germany, the Nether¬ 
lands and France which take 8, 7 and 6 per cent respectively, and, 
finally, Canada and Colombia, each taking 3 per cent. Europe as a 
whole takes about 50 per cent of all cocoa beans, American countries 
take about 45 per cent. 

A number of cocoa-producing countries manufacture cocoa beans 
into various edible products, but processing in producing countries 
is mainly directed to the manufacture of cocoa butter. The manu¬ 
facture of cocoa butter in cocoa-growing countries has of late, how¬ 
ever, proved less profitable than formerly and many of the cocoa- 
butter factories have closed down. 

IMPORTANCE OF THE PRICE OF RAW COCOA 

The future of the cocoa industry in all its aspects eventually 
depends on the popularity of the products of the cocoa bean with 
the consumer, and this in turn depends to a considerable degree on 
the availability of these products to the public at prices competitive 
with other types of confectionery. 

An inadequate supply of raw beans over a period results in an 
increase in price, and if the increase is unduly great, as reflected in 
the retail price of the finished product, chocolate is placed at a dis¬ 
advantage in relation to other types of confectionery. This leads to a 
decline in demand for raw beans, a drop in their market price, and 
consequent check to production. Furthermore, following on periods 
of high prices, manufacturers find ways and means of economizing 
in the use of cocoa products. From the point of view of the producer 
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Difficulties of Forecasting Supply and Demand 

the important result that finally emerges is that less cocoa is in 
demand, and even a normal annual production may give rise to 
a surplus and a consequent fall in the price of raw cocoa. 


DIFFICULTIES OF FORECASTING SUPPLY AND DEMAND 

Since world production of raw cocoa ceased to expand in the early 
forties, the amount of cocoa available to consuming countries is less 

m relation to population than before the war, and this has led to a 
keener demand and rise in price. 

Apart from a general shortage of cocoa in relation to requirements, 
there are other factors which influence seasonal upward fluctuations 
m the price of raw cocoa. The lack of information about the stocks 

° n ^ nd at u any ° ne time ’ and there f° re the uncertainty 
about the demand in the immediate future in relation to possible 

supply creates a problem for the manufacturer. This condition of 
uncertainty may be remedied in time by the collection and dissemina¬ 
tion of accurate information. There is also the impossibility of fore- 

andrife^ 0UMurn of cro P in the major cocoa-producing countries 
and the consequent uncertainty about the possible demand for avail- 

able supplies In West Africa, the ritual of crop-forecasting begins in 
September and October, can be wrong by as much as 30 000 tone 

which was actually above the a^erag^oV^he 00 753 ’ 000 tons * 

which was 752,000 tons, so that the® extremeWhT^ flVe yearS ’ 
ruled for part of this season wm . ■ .f , y ^ gh pnces which 
shortage of cocoa beans ^ n °‘ StnC,, y related >° » abnormal 
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ECONOMIES IN THE USE OF COCOA IN MANUFACTURE 

The eventual effects, at the manufacturing and distributing end, of 
extremely high-priced cocoa beans, are manifold. Manufacturers 
may effect economies by adjusting the formula for making chocolate 
and increase the proportion of other ingredients, thereby using from 
10 to 20 per cent less of cocoa beans while still producing the same 
amount of chocolate confectionery as formerly. The United King¬ 
dom in recent years has used 10 per cent less cocoa material in the 
manufacture of about normal quantities of chocolate confectionery, 
but with a lower chocolate content. Some United States manufac¬ 
turers have economized by reducing the size of the chocolate bar, 
and increasing the content of nuts and fillers. Although there has 
been a steady rise in population and in income in the U.S., consump¬ 
tion of cocoa beans was 25 per cent lower in 1955 than in the years 
1938 to 1941. This was offset to some extent by an increase in the 
import of unsweetened cocoa, which rose from 12,000 tons in 1950 
to 30,000 tons in 1954. Most of this was used for adding to soft 
drinks or ice-cream, or for the manufacture of coatings in conjunc¬ 
tion with cocoa butter substitutes. The serious trend here from the 
producer’s point of view is the extent to which the manufacturer is 
economizing in the use of cocoa butter. 


POSSIBILITY OF CHANGE OF HABIT OF THE CONSUMER 

The most important and lasting repercussion that may result from 
unduly high prices of cocoa products is that the fashion and habit of 
the public may change from the consumption of chocolate confec¬ 
tionery to that of other relatively cheaper kinds. When this happens 
it may take a long time to reinstate the popularity of chocolate in 
competition with alternatives. Of this, Germany is a striking example. 
Here, production of confectionery increased from 130,000 tons 
in 1954 to 144,000 tons in 1955, but there was no corresponding 
increase in the production of chocolate confectionery. In the United 
Kingdom production of chocolate products fell from 280,000 tons to 
260,000 tons during the same period. In other important consuming 
countries there has been a similar trend and the consumption of other 
types of sugar confectionery has increased in relation to chocolate. 

The extent to which there will be a sustained or increased demand 
for chocolate confectionery in the future will be vitally influenced by 
the price of this product in relation to alternatives. During 1952 
to 1953 the price of sugar confectionery in the United Kingdom 
fell slightly but the price of chocolate rose on average by over 2d. 
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per lb. Sales of sugar confectionery increased by 133,000 metric tons 
whereas those of chocolate rose by only 61,000 metric tons. 


CONCLUSIONS 

While the above analysis of the situation may sound pessimistic, 
the fact remains that the consumption of cocoa in all its forms is an 
established habit which will continue as long as there is chocolate 
available to consume. The continued prosperity of the industry lies 
in having greater quantities of raw cocoa to manufacture and dis¬ 
tribute. The increase in populations with rising incomes must 
eventually lead to greater consumption. In those countries which at 
present take 90 per cent of the cocoa beans, the populations will in 
the normal course increase by about 4-5 per cent and incomes per 
head will possibly increase by some 10 per cent in the next few years. 
Should the Soviet Union and her satellites increase their intake sub¬ 
stantially, the effect on demand would be very appreciable. The use 
of cocoa beans in the U.S.S.R. has risen from 10,000 tons during 
the years 1946 to 1950 to 25,000 tons in 1954. There are many 
other countries with increasing populations and rising incomes 
which-are potential markets for cocoa. 6 

The grower is naturally interested in the maintenance of a price 
which will ensure a profitable margin between costs of production 
and world pnce The prospects are that the demand for raw beans 

return to the^rodu^^ b6 ^ “ ‘° pr0Vide a 
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Chapter XVI 

COCOA MARKETING 


Development of Marketing — Marketing Associations — 
Main Markets—Marketing Boards and Subsidiaries — Ter¬ 
minal Markets 

Cocoa marketing is the process whereby the ownership of cocoa 
beans is transferred from the producer to the manufacturer of cocoa 
and chocolate products. 

Until recently, producers sent their cocoa to London and other 
consuming centres where it was sold by auction. Manufacturers 
received samples which they roasted, and orders were placed for the 

recipes. Auctions in their 
ongmal form were known as “Sales by the Candle” for in those days 
a lighted candle was set on the auctioneer’s desk with pins stuck at 

intervals down its side. The last bid before the pin fell out secured 
the parcel. 

This was marketing in its simplest form. Both the producers and 
manufacturers used brokers in London and other established trad¬ 
ing centres to look after their respective interests and advise them of 

market conditions, valuations, etc., for which services they were 
paid a brokerage. 3 


DEVELOPMENT OF MARKETING 

™\ th the of more standard grades in the larger producing 

chocolate* h ° WeVei > and > Wlth it, the greater demand for block 
r a P chocolate confectionery, less cumbersome 
methods of marketing gradually came into being 

Thereafter a different method of trading developed Conseauent 
on increasing production in West Africa and Br Jl, manSure? 
were able to buy large quantities of cocoa of a standard quality and 

were anxious to meet the increased demand and cover their needs for 
many months ahead, at times even a year. f 

It was only natural that producers were not ♦ 

trader Lol"^ delfer^h ***** 

pared ,o offer cocoa for ,he “portion” that mtufa^rers wan^: 
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It is obvious that no firm would be prepared to run the risks of 
market fluctuation for long periods. 

Terminal markets were therefore opened in London and New 
York, which enabled dealers to “hedge” their sales. This method 
of trading has been so finely developed that a producer can at any 
time find a buyer for any desired portion of his crop even though the 
cocoa may not yet be on the trees and, on the other hand, a manu¬ 
facturer can buy his requirements for delivery into his factory at an 
appointed date. With the rise of the large Marketing Boards in West 
Africa the importance of the dealer in the world’s markets has 
increased rather than diminished. 

MARKETING ASSOCIATIONS 

As the business in cocoa grew, bringing new complications, 
Associations were formed to draw up contracts, regulate disputes 
and, in general, look after the interests of all those involved in the 
trade. Such was the Cocoa Association of London, formed in 1926 
with a Board of Directors consisting of shippers, producers, manu¬ 
facturers, brokers and dealers. The rules of the Association are 
universally known and accepted, and most of the cocoa trade in 
the world is governed by the Rules of the Cocoa Association of 
London. The U.S.A. has its own association and rules. 

The Cocoa Association of London has several different Contract 
Forms currently in use to cover the various methods of trading, but 
the most important ones are Contracts A.11 and A.14, which are 
used exclusively for West Africa cocoa sold on c.i.f. (cost, insurance 
and freight) terms and Contract A. 14 used for all other cocoa 
whether sold f.o.b. (free on board), c. and f. (cost and freight) or 
c.i.f. terms. 

In all these Contracts, the seller guarantees that the goods are of 
the descriptions contracted for and that the weight of cocoa arriving 
is within a small tolerance of the amount agreed to be shipped. 

On arrival, the cocoa is weighed and sampled by independent 
firms of wharfingers, and buyers and sellers appoint supervisors to 
check the weights and see that the samples are properly drawn. 
Should buyers consider the samples are not up to Contract standard, 
they may claim an allowance from the seller. If the seller does not 
agree, the matter is settled by arbitration. 

MAIN MARKETS 

Of world output of raw cocoa, the United States uses over 200,000 
tons, the U.K. nearly 100,000, Holland 70,000, France 55,000 and 
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Germany (Western and Eastern) upwards of 90,000 tons. These 
figures refer only to grindings of raw cocoa and ignore exports and 
imports of cocoa butter, cocoa powder and cake. Much of the raw 
cocoa imported into Holland, for example, is exported in the form 
of powder and butter. Each of these countries has its own cocoa 
marketing centre, where internal and international transactions take 
place. London, for example, deals with 400,000-500,000 tons of 
cocoa each year, the cocoa finding its way to factories all over the 
world. 


MARKETING BOARDS AND SUBSIDIARIES 


In Ghana and Nigeria, there are Government-sponsored Market¬ 
ing Boards, and sales of cocoa from both countries are made by the 
Board’s subsidiary selling company in London. 

Before 1939 some of the cocoa in both the Gold Coast and Nigeria 
was bought from the farmers by manufacturers who shipped it 
home, and some by trading firms who sold their purchases on the 
cocoa markets of the world. 


With the advent of the Marketing Boards in 1947-8 the buying 
organizations of the manufacturers and trading firms became 
Licensed Buying Agents of the Marketing Boards. All cocoa bought 
trom the farmers is now handed over to the Boards, the price to the 
farmer being fixed by the Boards and effective for twelve months, as 
from October 1st. For their requirements of Ghana and Nigerian 
cocoas, manufacturers must buy from the Board’s subsidiary com¬ 
panies in London at the world market price. 

bulk of Chana hc ° f the Board ’ s com P anie s to sell the 

n a ° d Nlgenan cocoa through the London market. 
m ,T. a11 oth e r major producing countries there are various Govern- 

in ““ f f° rce ensurm S a minimum price to producers and 
m the selling of their cocoa to the markets of the world some form 
of Government price control is operative. 

Other cocoas, especially the limited quantities of fine grades are 
often sold against samples. graces, are 


imuvuiNAl. MARKETS 


- - - . . • w 
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on the New York market for units of 30,000 lb. Certain specified 
grades of cocoa at fixed premiums or discounts may be delivered 
at the seller’s option against the contract, when the month of 
delivery of that contract arrives. Every contract made on the Lon¬ 
don terminal market is registered with an independent body, the 
London Produce Clearing House, which guarantees the fulfilment of 
the contract. 

The market’s primary function is to act as a hedging medium for 
operations in raw cocoa. An example of hedging follows. 

A dealer sells to a manufacturer a certain type of cocoa for deliv¬ 
ery twelve months ahead at a premium of 10s. over the price quoted 
on the terminal for the same position. At the time of making his 
sale, he purchases the same quantity of terminal. This purchase of 
terminal is his hedge and so his position is as follows: 

Sale to manufacturer 200s. per cwt. 

Purchase of terminal 190s. per cwt. 

Having now a sale and purchase he has no worries about whether 
the market goes up or down. His only interest now is to “undo his 
hedge,’’ i.e. to purchase the actual cocoa he has to deliver to the 
manufacturer and sell his terminal at a profitable differential. 

The market has in the meantime moved upward and he eventually 
purchases the cocoa he needs to deliver to the manufacturer at 250s. 
per cwt., and at the same time sells his terminal at 245s. per cwt. 

Thus his final result works out as follows: 


Sale to manufacturer 

200s. 

Purchase of Terminal 

190s. 

Purchase of cocoa to 
fulfil sale 

250s. 

Sale of Terminal 

245s. 

Loss 

50s. 

Profit 

55s. 


Net profit, 5s. per cwt. 

From this small illustration can be seen the great safeguard that 
terminal markets provide in helping the orderly marketing of cocoa 
with the minimum of risk, particularly in wildly fluctuating markets. 



Appendix 1 
SOIL SURVEYS 


The first requirement for growing cocoa in any part of the world is 
the availability of a suitable soil. 

For a long time past soil surveys have been recognized in the 
U.S.A. as essential for schemes of land-planning and land-use New 
Zealand was among the first of the countries of the British Common¬ 
wealth to make use of soil surveys, and they are now being conducted 
in most British colonial territories. Larger countries may employ 
their own teams or departments of soil survey, or have survey 
officers as a division of the Department of Agriculture. Some 
countries with small Departments of Agriculture and with large 
extents of territory to survey find it more convenient to employ 
teams to carry out this work on contract. * 3 

Soil Surveys in Ghana 

Ghana was the first country in Africa to form a Division of 
Soil Surveys within the Department of Agriculture, and this later 
developed as an independent department under the late C. F. Charter, 
he need for assessing the potentialities of the forest zone 

H S h eS ^ dS r and SUitable for further Panting of cocoa wai 

rnn o? £Hn y nnn' ^ Chiefs in Ghana ’ and i “»48 “ 
f* o ' f ,50 > 000 was made from the funds of the Cocoa Market- 

;o g c„ B n°r ‘a° necessary ,aboratori “- buiIdi ^ " 

Thl f^ii 1 ^ heref °re planned to take each drainage basin in turn 
The foUowmg ,s an outline of the methods evolved by Charter 

The next two steps are described by C. F. Charter as follows • 
Reconnaissance Soil Surveys 

-=5 ES 2 * fir. sss 
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qu arter apart. A small team of land surveyors marks the starting points 
of traverse lines, which usually commence along roads or trails, in ad¬ 
vance of the reconnaissance teams. These teams consist of six assistants, 
with one or two spares, and a dozen or so labourers. A reconnaissance 
team comprises a direction-giver with prismatic compass and ranging 
poles, who is responsible for the cutting of traverse lines; a distance- 
measurer supplied with a Gunter’s chain, who also keeps a running 
commentary on the topographical features traversed; a vegetation- 
recorder who maps the vegetation of a circular area of one-quarter acre 
at each furlong; and three soil-recorders, one of whom is the team 
leader, who are equipped with spades, soil chisels, and augers and who, 
at every furlong, describe inspection holes and collect soil and rock 
specimens for later examination. Inspection holes are sunk to a depth 
of four feet and the following data collected for each soil layer observed: 
thickness; colour; presence or absence of organic matter; texture, that 
is whether sandy or clayey, based on feel; consistency based on ease of 
augering, etc.; presence or absence of gravel or concretions, etc., etc. 

Detailed Soil Surveys of Sample Strips 

Within each soil association mapped by reconnaissance methods, 
detailed soil surveys are made of representative sample strips measuring 
two furlongs in width and a mile in length. Traverse lines are run half a 
furlong apart throughout the length of these strips and observations are 
taken along these lines and along short offsets at right angles to them 
so that information can be collected to enable contour, soil, and vegeta¬ 
tion maps to be prepared on a scale of ten inches to the mile. In each 
soil mapped a six-foot profile pit is dug and samples of each layer 
making up the soil are carefully collected for purposes of correlation 
and laboratory analysis. This work is performed by detailed soil survey 
teams which are similarly constituted to those employed on reconnais¬ 
sance, but their members have additional training and experience, and 
make use of more advanced techniques. 

At the headquarters or main base the soil samples are collected 
and correlated, and from the information derived from the field, 
maps are made which show the boundaries of the various soils. 

It will be appreciated that a soil survey on this scale requires care¬ 
ful planning. Much detailed work is needed before the final stage 
is reached where maps are produced on which future land-planning 
and land-use will be based. 
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COSTS OF COCOA CULTURE ON ESTATES 
AND PEASANT FARMS 

GENERAL CONSIDERATIONS IN ESTATE COSTING 

On organized cocoa estates both capital cost and recurrent expendi¬ 
ture vary from country to country. Among the controlling factors 
which vary between countries and even between different parts of 
the same country are the natural conditions. These include soil 
fertility, which helps to determine the length of the period a tree 
takes to come into bearing, and the relative length of the dry season 
which dictates whether the crop can be sun-dried or must be dried 
artificially. This factor also affects weeding costs, which are lower 
in a country with a long dry season than in one where the dry season 
is short. Costs of materials and equipment depend, inter alia , on the 

distance they must be transported. Skill in management also enters 
largely into estate costs. 

Production costs per ton are of course related to yield per acre- 

he higher the yield, the lower the proportionate cost and, naturally 
the greater the profit. J * 

Labour varies in efficiency, but the time taken by experienced 
labourers under supervision is roughly the same for any riven task 

for P, r, at ,' 0n ' man-day," therefore, is a convenient unh 
tor the calculation of labour-costs. 

DeSnt C ^n P r ,!, Cre °- n *1 peasant farms in West Africa and on 

SrdS frnm h h ° dmgS “ ^ partS ° f tro P ics are of a different 
West Afri^n h ° Se 0I J 5 states ‘ Equipment and buildings for the 
West African peasant farmer are relatively simple, and the cocoa 

harvested the dry season and sun-dried. Weeding farm 

and 8 eneral attention to the cocoa trees are on 
intensive lines than are the rule on an estate THp main ~ * • 

SST CU 'r: are for XboSTsSL of*SSS, may Te whoT “ 

P Whut upp ied , by fanuIy ' or il ma > be entirely hired. y 
or „ . e ca pital and recurrent costs per acre are higher on tho 

111311 in ,ar 6=- small-scale peasant culture £ 

° ‘‘ u ™ P" “re on a good estate is usually greater For 
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Table No. 14 

ESTIMATED LABOUR REQUIREMENTS OF PLANTATION DEVELOPMENT FROM VIRGIN BUSH 
(AGRICULTURAL OPERATIONS ONLY) FOR OIL PALMS AND RUBBER 

Man-days per acre 


Oil Palms 



Average spacing—30 ft. x 30 ft. 
triangular = 55 palms to the acre 
(Planting holes 2£ ft. x 2£ ft.) 


Average spacing—22 ft. x 11 ft. « 

to the acre. 

(Planting holes 1 ft. x 1 ft.) 


Development : 

Survey (initial prospecting).. 
Brushing, felling and lopping 
Lining and holing 
Clearing planting lines and 
paths 
Nurseries 

Planting . 

Cover crops .. 

Sundry labour 


Seedling 

Trees 


Survey (initial prospec¬ 
ting) . 

Brushing, felling, and 
lopping 

Lining and holing 
Clearing planting lines 
and paths 
Nurseries 
Planting 
Cover crops 
Sundry labour 
Add costs for budding .. 


Bud 

Grafts 


TOTAL DEVELOPMENT 


120 


Maintenance to 
Bearing Stage : Per 

annum 

General weeding 5 
Pruning .. — 

Replacements.. 3 

Upkeep of paths 3 
Control of pests 
and diseases 2 
Nurseries .. 2 

Sundry labour 5 


20 x 4 yrs. 


Per 

annum 

General weed¬ 
ing .. ..13 

Pruning .. 2 

Replacements.. 
Upkeep of paths 2 
Control of pests 
and diseases 4 
Nurseries • • — 
Sundry labour 1 


yrs 


Per 

annum 


200 


25x5 = 125 25x6 
256 


282 


TOTAL DAYS 


TOTAL DAYS . . 






Costs of Cocoa Culture 
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ESTIMATED LABOUR REQUIREMENTS OF PLANTATION DEVELOPMENT FROM 
VIRGIN BUSH (AGRICULTURAL OPERATIONS ONLY) FOR BANANAS AND COCOA 


Bananas 


Various spacings, e.g. : 

11 ft. x 11 ft. triangular 

= 415 trees per acre 

12 ft. x 12 ft. triangular 

— 348 trees per acre 
14 ft. x 14 ft. triangular 

= 256 trees per acre 
(Planting holes I ft. x 1 ft.) 



Average spacing—10 ft. x 10 ft. triangu¬ 
lar = 500 trees per acre. 
(Planting holes 1 ft. x 1 ft.) 
(Planted under natural shade) 


Stake 


Development : 
Survey 
Tree cutting 
Felling underbush 
Lining and holing 
Planting 
Final felling 
Gearing lines 
Draining in the field 
Sundry labour 


total development 

Maintenance to 
Bearing Stage : Per 

annum 

General weed- 

-.14 

Pruning .. 2 

Fertilizing .. j 


total days 



Planting 

2 Survey 

.. 2 

2 Clearing underbush 

.. 6 

10 Lining and holing 

.. 14 

14 Clearing planting 

lines 

15 and paths 

.. 18 

30 Planting 

.. 4 

12 Mulching 

.. H 


17x1 yr. = 17 

» .. 107 


Thinning-out forest shade 


Per 

annum 

General weed¬ 
ing .. ..12 

Pruning .. $ 

Replacements.. 1 1 
Control of pests 
and diseases 2 
Progressive thin¬ 
ning out of 
forest shade 5 

— yrs. 


Per 

annum 

12 

4 

u 


Basket 

Planting 


yrs. 


total days 


21 x4= 84 21 x4 
i .. 138 


18 

18 

n 

84 


84 

152 
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ESTABLISHING PLANTATION CROPS ON LARGE ESTATES 

The estimated man-days per acre for different operations given 
in the accompanying tables are based on the analysis of plantation 
records of the land-clearing and development operations for grow¬ 
ing the more important crops under a wide range of conditions. 
These data provide a basis for calculating the costs that may be 
expected on well-organized estates. 

Cocoa is one of the cheaper crops to establish and it also has the 
advantages that it can be stored in the tropics for a limited period and 
is easily transported. Bananas are cheaper to establish, it is true, and 
come into bearing within twelve to fifteen months after planting; on 
the other hand, they must be put into cool storage or shipped imme¬ 
diately they are picked, and specially constructed ships are required 
for transporting them to the market. 


CAPITAL AND OVERHEAD COSTS ON LARGE ESTATES 


The examples given in the foregoing analysis are for labour costs 
only, and, as examples of costs for large cocoa plantations on the 
same scale are not available, it may be of interest to quote the 
distribution of capital costs for a 5,000-acre oil palm plantation. 
The installations in an oil palm plantation include an expensive mill 
which would represent 25 per cent of the capital costs, so the figures 
given below would have to be adjusted according to the type of 
installation envisaged for fermenting and drying the cocoa. 


Development and maintenance labour .. 
Development and maintenance overheads 
(Supervision, transport, tools, etc.) 
Housing for senior staff and labourers . 
Stores and other buildings 

Hospital facilities .. . 

Roads .. .. •• • • • 

Transport 

Wharfage .. . 


per cent 
.. 30 

.. 25 

.. 32 

.. 4 

.. 3-5 

.. 2 
.. 2-5 

.. 1 


100 


BBLGIAN CONGO 

Labour Costs , . . . , 

At the Lukolela estates in the Belgian Congo the method of estab¬ 
lishing plantations makes use of existing forest trees for shade, 
those with a suitable canopy being selected. In the first year the 
brushwood and felled trees are piled in rows twenty feet apart and 
lines of cocoa are planted, the plants being spaced ten feet apart 
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between the rows of piled wood. After two years from the time of 
first planting, the wood has rotted down and further rows of cocoa 
are planted so that the cocoa trees are finally spaced 10 ft. by 10 ft. 
throughout. 


Operation 

1st year: 

Marking out the land 
Clearing brushwood .. 
Lining and holing 
Felling and clearing .. 
Nursery work 
Planting 

2nd year: 

Weeding . 

Care of plants 

3rd year: 

Weeding . 

Care of trees 

Clearing between the rows . 
Lining and holing 

Nursery work. 

Planting . 

Thinning and planting shade 

4th year: 

Weeding . 

Care of trees 


Man-days per acre 
1 

.. 3 

.. 10 
.. 62 
.. 10 
.. 5 

- 91 

.. 7 

.. 2 

- 9 

.. 7 

1 

7 

.. 14 

.. 10 
2 
1 

- 42 

.. 13 

.. 12 
- 25 


Total . 167 


Maintenance of an Established Estate 

The following figures from Lukolela estates indicate the cost in 
man-days per acre for maintaining a mature plantation. The yield 
is assumed to be about 600 lb. per acre. y 

4 weedings ° peratlon Man-days per acre 

sanitation", capsid control, "care of 
cocoa and shade trees .. 

Opening pods.. .. . 

Fermentation and drying .. . 

Bagging cocoa .. ’. 

Gathering wood for fuel .* .* [[ ” * * • • 


30-5 
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WEST INDIES 

Replanting Old Estates 

The following is an example of the costs of replanting old cocoa 
fields in Grenada with cocoa plants raised from rooted cuttings. All 
the old cocoa trees were felled, banana shade was established, but 
permanent shade trees were not planted. The field was manured with 
25 tons of pen manure, which was forked into the soil. 

The plants grown from rooted cuttings were provided free by the 
Government and there are therefore no nursery costs. When women 
were employed, woman-days have been converted to man-days on 
the basis of 5 men being equal to 6 women. 


Operation 

Man-days per acre 

1st year: 

Felling old cocoa trees 

. 18 


Manuring and forking 

. 34 


Lining and holing 

. 13 


Planting temporary shade .. 

. 17 


Planting cocoa 

.6 


Draining 

. 20 


Weeding 

. 45 



— — ■■ 

153 

2nd year: 

Weeding 

. 15 


Supplying and pruning 

• • • • • • 3 


Adjusting shade 

4 

• • • • • • ■ 


Draining . 

. - . - .. 8 



— 

30 

3rd year: 

Manuring and forking 

. 34 


Weeding 

. 20 


Care of trees 

. 4 


Temporary shade 

. 4 


Draining 

. 8 

70 

4th year: 

Weeding 

• • •• •• 


Pruning and reaping 

. 10 


Temporary shade 

.. .. .. 4 


Draining 

.. .. .. 8 

37 


290 


A similar example from Trinidad is given for comparison. Here 
again the old cocoa trees and immortelles were felled and temporary 
shade was provided by bananas and tannias. Mineral, and not pen, 
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manure was applied. Immortelles were replanted to provide per- 


manent shade. 

Operation 

Man-days per acre 

1st year: 

Clearing and felling. 

15 

Lining and holing. 

12 

Planting temporary shade and immortelles 

15 

Planting cocoa . 

7 

Draining . 

17 

Weeding . 

16 

Manuring . 

3 

2nd year: 

- 85 

Weeding . 

24 

Care of plants, pruning and supplying 

17 

Regulating shade. 

3 

3rd and 4th years: 

- 44 

Weeding . 

24 

Care of plants . 

8 

Mulching and regulating shade 

7 

Draining . 

4 

Manuring 

3 

46 x 2 = 92 


221 


In these examples from Grenada and Trinidad, the food crops 
providing the temporary shade and ground cover were partly con¬ 
sumed on the estate and partly sold. The income from food crops 
helped to offset expenses in the early years. 

On one estate in Grenada the whole cost of establishing a cocoa 
held with clonal plants was repaid at the end of five years, one-third 
ot the income coming from the sale of food crops. The capital out- 
£ always be repaid so quickly. Where the cost of transport¬ 
ing the food crops is high, little or no profit may be derived from their 


COSTS AND RETURNS IN THE DUTCH TERRITORY OF SURINAM 

In a publication entitled Developing the Cacao Industry of Suri 

Z^sfimafe * ^ °f Agriculture and^ng 

K °aii « CStimates are ma< * e costs and returns. 6 

equals sfT885 are P “ heC,are ' 0ne U.S. dollar 






Table No. 16 

ANALYSIS OF EXPENSES AND REVENUE 

(Per Hectare) 
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Costs of Cocoa Culture 

The plantation on which the figures are based was one which was 
completely cleared and planted with bananas in the first place to pro¬ 
vide temporary shade. Bananas harvested in the second and third 
years gave a gross yield of 9,360 kg. They had to be sold locally at a 
low price of cents per kg. 

Estimated yields of dry cocoa are: 

Year 5th 6th 7th 8th 9th and sub¬ 

sequent years 

Kg. per hectare 60 200 400 600 800 

In the year in which the calculations were made the value of dry 
cocoa (after deduction of harvesting costs, preparation and costs of 
transport) was taken as Sf 1 per kg. (about U.S. dollars 0-23 per lb.). 

Expenses per hectare for the first five years would be roughly 
Sf 1,100. Buildings would cost Sf 60,000. For a 300 ha. plantation 
the capital involved would be approximately Sf 2,000 per ha. 

For a plantation in full bearing the costs and returns per hectare 
might be : 


Income from cocoa 

Upkeep 

Sf 200 

Sf 800 

Overheads 

150 


Depreciation at 5% of Sf 1400 

70 

Sf 420 

Profit per hectare 


Sf 360 


ESTIMATED COSTS AND RETURNS ON A SMALL ESTATE IN PAPUA AND 

NEW GUINEA 

In an article entitled “Cacao as a Crop for the Owner-Manager in 
Papua and New Guinea,” in the October, 1954, issue of The Papua 
and New Guinea Agricultural Journal , Mr. Frank Henderson sets out 
what he considers to be the costs and possible returns on a small 
plantation of 150 acres of cocoa in the Territory. The units referred 
to are man-days per acre and Australian pounds. 


Total 

Less Production 4th year 

Plus 41 per cent Interest 4 years 
added to Capital 

Total indebtedness end 4th year 


£22,800 

1,500 

£21,300 

1,917 

£23,217 



234 


Appendix II 


Running Expenses—Full Bearing 

A _ a 6Saj 93 units per ton cocoa in sto re) 

Supervision 

Transport 

Building Maintenance 
Stores/Supplies (Bags, insecticides, etc.) 

Tools 

Administrati on 
Insurance 

Plus Amortization 
Interest at 4£ per cent 

Total Running Expenses 


£3,300 

1,500 

500 

300 

1,000 

200 

50 

100 

£6,950 
2,321 
_522 

£9,793 


Returns 


Returns at £300 per ton in Plantation Store £15,000 

Returns at £250 per ton in Plantation Store 12,250 


Notes on Budget 
1st year 
2nd year 

3rd year 

4th year 
Full Bearing 


Clearing and planting 100 acres 50 labourers 

Clearing and planting 50 acres and main¬ 
tenance of first year’s planting 30 labourers 

Maintenance, completion of buildings, pre¬ 
paration of roads 30 labourers 

Harvesting, maintenance 30 labourers 

Supervision allowance increased to £1,500 
per year 40 labourers 


To the end of the fourth year, interest charges added to capital. 

Fifth year—Interest charges paid only. 

Sixth year—From end of sixth year, amortization and interest paid in 
ten equal instalments. 

Full debt amortized fifteen years from commencement of scheme. 
Cocoa price quoted for value of produce in store on plantation. 
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Table No. 17 


CAPITALIZATION 


Years 

1 

2 

3 

4 


£ 

£ 

£ 

£ 

Labour 

4,125 

2,475 

2,475 

2,475 

(Based on I labour 
unit at 6s. ; 100 units 
clear 1 acre; 25 units 
plant 1 acre) 





Living Expenses 

1,000 

1,000 

1,000 

1,000 

House 

1,800 

— 

— 

— 

Furniture 

400 

— 

— 

— 

Buildings — 





Labour quarters 

750 

— 

— 

— 

Stores 

100 

300 

50 

_ 

Drier/Fermentary 

— 

— 

400 

— 

Tools 

400 

50 

50 

50 

Transport 

1,500 

— 

— 

— 

Rent 

50 

50 

50 

50 

Insurance 

100 

100 

100 

100 

Transport 

200 

200 

200 

200 


£10,425 

£4,175 

£4,325 

£3,875 


WEST AFRICA 

Costs under Peasant Culture 

Cocoa is established in Ghana in several different ways, three 
of which may be considered from the point of view of costs. 

{a) Where the village community or family has cleared land for 
the purpose of raising food for the family and a surplus for sale, and 
has planted cocoa in the food farm. 

(b) Where a farmer secures the right to a considerable area of land 
for the purpose of establishing a cocoa plantation, the forest is 
cleared and usually planted with cocoyams as ground cover, and 
plantains to provide lateral shade for the cocoa for several years. 
When the forest is cleared and the land hoed, cocoa is planted among 
the cocoyams and plantains, which are intended to be catch crops 
and to offset to some extent the cost of establishing the cocoa 
plantation This method presupposes that the plantation is either 
near a road to allow of the cocoyams and plantains being transported 
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to the market by lorry, or not so far away from the road as to make 
the cost of transporting them by headload prohibitive. 

(c) Where an enterprising farmer secures an area of land at some 
distance from a motorable road, so that the growing of other crops 
on a large scale for sale would be uneconomic, and cocoa alone is 
planted. Here there would be less clearing, especially of the large 
forest trees, as a number of these would be left to shade the cocoa. 

Cocoa with Family Food Crops 

In considering (a), the economic and social study of the village of 
Akokoaso in Ghana, made by Beckett in the early ’thirties, in 
which he investigated labour requirements of cocoa, will be taken 
as the basis for calculation. He estimated that the annual labour 
requirements of young farms was 23-8 man-days per acre per annum. 
This included work on clearing the forest, brushing (weeding and 
cutting-back of young forest growth), planting and harvesting food 
crops, and planting cocoa. 

The cocoa farms under investigation took ten years to come into 
bearing, so that total labour requirement for raising the food crops 
and bringing the cocoa to the bearing stage was 240 man-days per 
acre. 

In this same study, the figures arrived at for labour expended on 
farms in bearing was 25-8 man-days per acre per annum, made up as 


follows: 


Man-days per acre 

Operation 


per annum 

Weeding 

• • 

.. .. 8‘2 

Harvesting 

• • 

.. 15-6 

Carrying 

• • 

.. 1-4 

Sundry 

• • 

.. 0-6 


25-8 


These figures could be used in several ways to arrive at the cost 
of production of one ton of cocoa under the particular conditions 
which apply at Akokoaso. A great deal of the cocoa of Ghana 
has been established under these conditions, and it is therefore 
interesting to make an estimate of what the possible cost per ton 
might be. 

If a generous view is taken and the figure of 240 man-days incurred 
over the first ten years is charged to cocoa, although it did in fact 
include food crops as well, we have an average figure of 24 man-days 
per acre per annum. 
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The costs in labour are reckoned over a thirty-year period. The 
cost in man-days during the last twenty years after the cocoa trees 
have come into bearing would be 25-8 per acre per annum. In 
order to account for the 24 man-days per annum used in the first ten 
years, 12 man-days per acre per annum may be added to this 25-8, 
bringing the cost per acre per annum to 37-8 man-days. 

Annual yields of cocoa for a great part of Ghana have been 
accepted as from 350 to 600 lb. per acre. 

If a low average yield of 350 lb. is taken for the twenty-year bearing 
period, this will make due allowance for the lower yields during the 
first few years after the cocoa has come into bearing. 

At a yield of 350 lb. per acre, it will take 6-4 acres to provide 
2,240 lb. (or one ton) of cocoa. 

Accordingly, 242 man-days (6-4 X 37*8) would be required to 
produce a ton of cocoa during the first twenty years of bearing, and 
at 4s. per day would amount to £48 per ton approximately. 

After thirty years, when the labour costs of the first ten non-bear¬ 
ing years had, so to speak, been written off, the labour cost would 
drop to 165 man-days (25-8 x 6-4) per ton and, at 4s. per day for 
labour, this would represent £33 per ton. 

Now, assuming a higher yield of 500 lb. of cocoa per acre, the 
cost of producing a ton during the first twenty years would be 
4*5 acres x 37*8 man-days x 4s. = £34 approx. On the same 
basis as before, the cost of producing a ton of cocoa after thirty 
years would be 4*5 acres x 25*8 man-days x 4s. = £23 approx. 

COCOA FARM PLANTED IN LAND PREVIOUSLY IN FOREST, AND PLANTED 
WITH CATCH-CROPS WHICH PROVIDE GROUND AND LATERAL SHADB 

On the basis of method (fi) the following example gives an indi¬ 
cation of the costs and returns which might be expected on a 10- 
acre cocoa farm over a period of 20 years. The cocoa is established 
in land where the high forest has been cut down, except for a mini¬ 
mum number of forest trees required to shade the cocoa. Cocoyams 
and plantains are planted to provide ground and lateral shade. 

The 10-acre block on which the figures are based is a third of a 
30-acre cocoa farm which is in the process of being established. 

The cocoa is planted at stake, spaced at 5 feet by 5 feet apart, 
three beans being planted at a stand. The plants will be reduced to 
one at a stand in due course, and it is the intention of the owner to 
thin out the cocoa to a spacing of 10 ft. by 10 ft. later on. Vacancies 
will be filled with basketed seedlings. About ten forest trees per 
acre will be left m the first place to provide shade; these will be 
thinned to five forest trees per acre when the cocoa is 3-4 years old. 
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AN EXAMPLE OF THE ORDER OF COSTS OF ESTABLISHING AND MAINTAINING 
A TEN-ACRE COCOA FARM IN FOREST COUNTRY IN WESTERN ASHANTI IN 
GHANA, FOR TWENTY YEARS, AND THE POSSIBLE RETURNS THEREFROM 

Labourers are paid 3s. per day with food supplied, except where other¬ 
wise stated. 

For the first eight years inclusive the costs would be of the followin 
order. 


1. Partial felling of forest trees and clearing by contract 

(300 man-days) 

2. Purchase of plantain suckers (1,700 at 7s. 6d. per 100) 

3. Purchase of cocoyam corms (800 at 6s. per 100) 

4. Purchase of 1,800 cocoa pods for seed (at an average of 

upwards of 35 beans per pod = 50,000 to 55,000 beans 
to be planted three at a stand. This is equal to three 
60 lb. loads of dry cocoa) 

5. Planting cocoa (at stake), 17,420 stands, takes 80 man- 

days 

6. Planting 1,700 stands of plantain suckers takes 40 man- 

days 

7. Planting cocoyam corms divided up to plant 6,800 stands 

takes 80 man-days 

8. 1 st year, first weeding 8 months after planting— 120 man- 

days 

Second weeding 16 months after planting—100 man- 
days 

2nd year, third weeding 22 months after planting—53 
man-days 

Fourth weeding 28 months after planting—140 man- 
days 

3rd year, fifth weeding 35 months after planting—130 
man-days 

Sixth weeding 39 months after planting—100 man- 
days 

4th year, seventh weeding 45 months after planting—100 
man-days 

5th year, eighth weeding after planting—120 man-days 
6th-8th year, ninth to fourteenth weeding 64-94 months 
after planting—600 man-days 

9. Share of labourer-caretaker’s pay (for four years at £36 

for the first year and £48 per annum for three years) 

10. Share of erecting mud and wattle house for labourer- 


caretaker ctf 

11. Cost of implements: 

3 felling axes at 12s. 

12 cutlasses at 2s. 6d.' ] _J 

2 steel files at 3s. 

3 grinding stones at 2s. 


£ s. d. 
1 16 0 
1 10 0 
6 0 
6 0 


£ s. d. 

45 0 0 
6 7 6 
2 8 0 

12 0 0 

12 0 0 

6 0 0 

12 0 0 

18 0 0 

15 0 0 

8 0 0 

21 0 0 

19 10 0 

15 0 0 

15 0 0 
18 0 0 

90 0 0 

180 0 0 

30 0 0 


Carried forward 


3 18 0 
£529 3 6 
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Brought forward 

12. Shade-reduction—35 man-days at 6s. 

13. Capsid control: 88 gallons of water carried a distance of 

2} miles to farm at 6d. per 4 gallons 
Purchase of subsidized Mysto sprayer 

14. Cost of 500 nursery baskets (for vacancies) at 3d. each 

15. Share of State fees for land acquisition (£1 for first farm 

plus one-third of £15 for 30 acres of land) 

16. Harvesting, fermenting, drying and carrying in 7th and 

8th year at 17 man-days per annum 

17. Contingencies including interest on borrowed money, 

transport, provision of fermenting-boxes and drying- 
trays, etc. 


POSSIBLE COST IN THE FOLLOWING TWELVE YEARS 


18. Share of labourer-caretaker’s pay (at £48 per annum) 576 0 0 

19. Share of upkeep and rebuilding of mud and wattle house 

for labourer-caretaker 25 0 0 

20. Share of building and upkeep of store with mud and 

wattle walls and pan roof 20 0 0 

21. Provision of drying-trays, baskets, etc., over the period 15 0 0 

22. Replacement of tools 2 10 0 

23. Control of pests and diseases. It is assumed that the cost 

per annum would be progressively less as capsids were 

under control. Allow 10s. per acre per annum 60 0 0 

24. Weedmg, shade control, harvesting, fermenting, drying, 

transport at 30 man-days per acre per annum 540 0 0 

25. Interest on borrowed money outstanding and incidental 

expenses 70 0 0 


£ 2,018 1 6 

POSSIBLE RETURNS 

£ S. d. 


3,615 0 0 


Carried forward 


It is anticipated that with capsid control, and a reasonably 
good soil, the cocoa trees would give an economic yield 
from the 7th year onwards. 300 lb. per acre for 2 years 
(7th and 8th years) = 2-7 tons. A yield of 400 lb. per acre 
from the 9th year and for the following 12 years might be 
expected, making an aggregate of 24-1 tons. Assuming an 
average price of £150 per ton the return for 24*1 tons of 
cocoa for fourteen years would be 

The price received for the plantain bunches may vary from 
2 s. to is. 6d. or more per bunch, depending on whether the 

A?£i£ o < f^c t< L° r SOn i e di i t ^ nce from a motorable road. 
A price of 2s. 6d. per bunch is assumed to allow for costs 

of harvesting and headloading to the roadside. 

lb Z "f™ 1S commonly cropped with plantains for five suc¬ 
cessive years. The second- and third-year crops are be ttS 


£ s. d. 
529 3 6 
10 10 0 

11 0 
2 0 0 
6 5 0 

6 0 0 

5 2 0 


150 0 0 


£3,615 0 0 
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Brought forward 

than the first and by the fifth year there is a reduction in 
yield. If an average yield of 1,200 bunches is assumed 
(from the original 1,700 stands) for four successive years 
this gives a return of 

Cocoyams should give a yield of 400 lb. per acre for two 
successive years. This would be 8,000 lb. = 44 sacks (180 
lb. per sack) at 20s. per sack 


£ s. d. 
3,615 0 0 


600 0 0 


44 0 Q 
£4,259 0 0 


COMMENTARY 

The above farm belongs to an educated African farmer with long 
experience of planting cocoa. The farm is five years old and the 
costs from the sixth year onwards inclusive are estimated. These 
figures are reproduced as a helpful guide to the intending African 
planter. They are not exhaustive and certain items are not taken 
into account. For instance, no interest is charged on the capital 
invested by the owner. It is assumed that cocoa farming is only a 
part-time occupation, and there is no charge for management. 

The cost of establishing and maintaining a 10-acre cocoa farm 
over a period of twenty years under the conditions of the forest 
region of Western Ashanti, in Ghana, is £2,018. At the yields estimated 
above for the farm, giving a gross out-turn of about 24 tons during 
the bearing period, the cost of production is £84 per ton. 

It has been shown that an estimated yield of cocoa from 10 acres 
over a period of twenty years from time of first planting, including a 
yielding period of fourteen years, is 24-1 tons. Given a reasonably 
good soil and capsid control, there should be an economic yield in 
the seventh year from planting. There might be an economic yield 
in the sixth year, or even earlier, but in the case of planting by the 
small farmer in the past, where the trees are closely planted and 
where there has been little or no capsid control, economic yields 
were not expected until the ninth year or later. The yield of 300 lb. 
per acre for the first two years of bearing and 400 lb. for the remain¬ 
ing period is based on the fact that a farm receiving so much atten¬ 
tion should yield this amount as a minimum. If the yield were less, 
then the assumption would be that the land was not suited for 
cropping with cocoa. 

The yield per acre may well be much more than the figure given 
above, and will assuredly be more if the farmer has been guided to 
good land as the result of advice or his own skill when an average 
yield of 600 lb. to 800 lb. per acre, or more, could be expected. 

The gross expenditure is £2,018 and the gross income is estimated 
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as £4,259. Of this income, 15 per cent comes from the sale of plan¬ 
tains and cocoyams, and the balance, £3,615, from the sale of cocoa. 
The difference between the gross expenditure and the gross income 
is £2,242. It can thus be said that ten acres under cocoa would on 
the above basis provide a return equivalent to an income of £112 
per annum over the twenty-year period, or equivalent to a return of 
£11 per acre per annum. 

With an increase of 100 lb. or 200 lb. per acre, the profit on the 
venture would be greatly increased while the increase in expenditure 
would be small. For example, if the average yield were 600 lb. per 
acre per annum for fourteen years, the amount of cocoa harvested 
would be 37-5 tons, and at the same average price for cocoa the gross 
return on this venture would be £5,625. 

These figures emphasize the necessity for choosing land which is 
reasonably fertile, so that the yields will be of an order which will 
give a profitable return. Furthermore, they emphasize the need for 
the control of capsids so that the yields will not be depressed and 
the productive capacity of the plantation permanently reduced by 
attacks of this pest. While the planting of cocoa in a food farm of 
yams, maize, etc., involves only a minimum outlay of capital, plant¬ 
ing of cocoa in land which is in high forest where the returns depend 
mainly or wholly on cocoa inevitably requires a considerable outlay. 
Where cocoa is to be planted by method (c) in high forest, and 
economic crops, such as plantains and cocoyams are not to be 
planted, the importance of choosing good land and controlling 
pests becomes still more vital. A great deal of the cocoa that will 
be planted by smallholders in West Africa in the future will be 
planted as a sole crop, or with a cash crop which may make a small 
but nevertheless useful contribution to offset the total costs of the 

enterprise. Planting of cocoa through food farms will become less 
common. 

A point which requires particular emphasis is the necessity for 
roads to serve the areas where cocoa planting is to be developed. 
Where the cocoa farms are remote from roads, the planter may incur 
heavy costs in transporting his cocoa to a point where it can be 
collected by lorry. These costs may be of the order of 5s. to 10s. or 
more per load of 60 lb. Where the cost of transport is 10s. per 
load, the price would be correspondingly reduced by £18 10s. per 
ton. If plantains or cocoyams were used as shade, the cost of trans- 

haJlesUhem 6 W ° Uld ** S ° ^ that W ° Uld be un P rofitable to 

Given good soil, reasonable success in control of pests and 
diseases, access to roads, and producer prices at a certain level, 

R 
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cocoa planting on the lines followed by the West African farmer can 
be profitable. It is in fact the most profitable tree crop available to 
him and the one most suited to his particular conditions. But like 
all farming ventures there are risks to contend with, such as soil 
variations, pests, diseases and unfavourable distribution of rainfall. 
The increasing demand for labour in other directions makes it 
difficult for the cocoa farmer to secure his requirements. Much of 
the labour required is seasonal and he has to depend on getting his 
requirements at times when the demand is high. 

Not the least of his difficulties is the finding of capital to finance 
his undertaking. The moneylender requires a high rate of interest, 
and borrowing from the professional moneylender has in the past 
brought to grief creditable efforts on the part of enterprising African 
cocoa farmers. If Government were prepared to provide capital 
to selected Africans, at a low rate of interest, progressive young men 
would be encouraged to take up the planting of cocoa. 


ESTIMATED COSTS OF PRODUCTION AND RETURNS 

A detailed analysis of production costs in Nigerian peasant cocoa 
farms has been made by Galletti, Baldwin and Dina in their book 
Nigerian Cocoa Farmers. The authors analyse the results of obser¬ 
vations on seven pairs of plots in the 1951-2 season. They conclude 
that in recent years the cost of establishing an acre of cocoa has 
mounted from £15 (which was the cost previous to 1930) to “over 
£50 but not over £75 in 1951-2.” In one case seven plots were under 
the management of the Department of Agriculture, the other seven 
were farmers’ plots. The number of trees were 4,090 and 4,012 
respectively, contained in each instance within 6-8 acres. The 
Departmental plots were harvested on the average 15-4 times and 
the farmers’ plots 6-7 times. Surprisingly, the losses from black pod 
were almost identical for both—about 530 lb. It would be normal 
to expect that the more frequent harvesting would have reduced the 
losses from black pod. The Departmental plots gave a yield of T44 
lb. per tree and 567 lb. per acre; the figures for the farmers’ plots 
were 0-63 lb. and 367 lb. 

Estimated costs of production were £54 12s. 3d. per ton for the 
Department and £24 4s. lid. per ton for the farmers’ plots. The 
former made a profit of £346 3s. 5d. and the latter £150 13s. Id. 
The producer price was £170 per ton. 

The Department of Agriculture employed permanent labour at 
Is. 5d. per day, and the farmers mainly casual labour at 2s. lOd. 

Remuneration of Labour. The above book discusses the remunera- 
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tion of labour permanently employed by peasant farmers on cocoa 
farms. In 1951-2 the annual payment to labourers at Ibesse in 
Abeokuta Province was £22 10s. Od., with share of farmers’ crops; 
in Otta it was £18-£20 with free lodging and some land on which 
to raise food; in Owo it was £10-£15; wages were as high as £30 
to £36 in Ibadan area. 

The cost of casual labour was, of course, much higher. In 1950 
daily wage rates were 2s. 6d. for lighter operations and 3s. to 3s. 6d. 
for heavy work. 
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PLANTING DISTANCES 


1. Planting on the triangle 


Spacing 

Area occupied per Tree 

Number of Trees 

sq. ft. 

per acre 

7 ft. 

42 

1025 

8 ft. 

55 

785 

9 ft. 

70 

620 

10 ft. 

87 

520 

11 ft. 

105 

415 

12 ft. 

127 

345 

13 ft. 

146 

300 

14 ft. 

170 

255 

15 ft. 

195 

220 

2. Planting on 

the square ( metres ) 

Number of Trees 

Metres 

Sq. Metres 

per Hectare 

2 

4 

2500 

2-5 

6-25 

1600 

3 

9 

1110 

3-5 

12-25 

815 

4 

16 

625 

4-5 

20-25 

495 

5 

25 

400 
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Appendix IV 

PREPARATION OF ROOTED CUTTINGS 

The following additional information may be found useful by the 
planter who wishes to prepare his own rooted cuttings: 

PREPARATION OF COMPOSTED SAWDUST 

Medium grain sawdust of mixed hardwoods is composted by 
mixing it with farmyard manure in the proportion of 5 of sawdust 
to I of manure. In order to improve the aeration of this mass coarse 
grass or brushwood is inserted. The heap is soaked with water or a 

1 per cent solution of sulphate of ammonia, which will accelerate 
decomposition, and it is covered with elephant grass or sugar cane 
trash to conserve moisture. If the heap is kept moist the sawdust is 
composted into a dark brown or blackish material in seven to eight 
months. It is then sifted and used as a rooting-medium. 

PREPARATION OF THE POTTING-MIXTURE 

Two parts of sifted soil are mixed with one part of sawdust. To 
each bushel of this mixture is added 4 oz. of sulphate of ammonia, 

2 oz. of muriate of potash, and \ oz. of superphosphate. 

The best results are obtained when the mixture is prepared ten 
days before it is used. 

The weight of a basket containing soil and plant ready for the 
field is 6 to 7 lb. A 3-ton lorry will take 800 basketed plants. Care 
has to be taken to prevent undue drying of the plants while being 
transported in dry weather. ° 

From the time the plants are first put in the baskets until they are 
planted in the field, the number of baskets used will work out on the 
average at about two-and-a-half baskets per plant. The number of 
times the baskets will have to be renewed will depend on the material 
used in making them. 
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NOTES ON COCOA PROPAGATION 
BY THE COCOA BOARD OF TRINIDAD AND TOBAGO 

Trinidad was the first country to go in for the production of rooted 
cuttings on a large scale. Since the first station for production was 
set up in 1942-4 the Cocoa Board has developed plant and equip¬ 
ment capable of turning out one million rooted cuttings per annum. 

Mr. E. F. Moll has been in charge of the large organization which 
deals with this side of the Board’s activities, and he has made a 
careful study of every aspect of rooted cutting production. The 
notes which appear below up to the heading “Watering Schedules” 
are a shortened version of a paper by Mr. Moll, the remainder 
are in the form written by him for the guidance of the planter. 

The Production of Rooted Cuttings 

Efficiency of Propagation. This depends on the variety, type and con¬ 
dition of cutting material, method used and environmental conditions 
during propagation. Easy rooting varieties will show a rooting percentage 
of over 60; an average variety 40 to 60, and difficult ones would be under 
40. Cuttings from a vigorous plant are better than those from a mature 
cocoa tree, and fan growth is more suitable for the production of cuttings 
than chupon growth. 

The Nursery which Supplies the Cuttings. The productive life of a nur¬ 
sery plant is about six years, during which time it supplies an average of 
10 to 12 cuttings per annum after the first year of growth. At 6 ft. by 6 ft. 
spacing, 1,200 plants would occupy 1 acre. A 10,000 unit propagator 
would require 20,000 cuttings per annum, as the productive out-turn of 
a propagator is only 50 per cent of its intake. The nursery should be sited 
on a good soil conveniently near the propagator and sheltered from wind. 

The nursery should be established 12 months before the building of the 
propagator, in order that this should not stand idle. 

Land is cleared for the nursery, ground shade is provided by bananas 
planted 10 ft. by 10 ft., and supplemented with cassava and pigeon peas. 
This may be further strengthened by Gliricidia at 12 ft. by 10 ft. 

Tephrosia as a secondary windbreak and source of mulch can be planted 
on the sides of the nursery exposed to the wind. Suitable trees are planted 
to provide overhead shade. 

The holes (about 12 in. by 18 in.) in which the cocoa is to be planted 
are filled with earth mixed with one bushel of well-rotted pen-manure, 
and when the cocoa plant is in place the soil is pressed firmly round it. 
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A check should be made after two weeks to see that the plants are firmly 
in position. 

During the first year, weeding will be necessary, and also control of 
the ground cover to prevent overshading. Mineral manure should be 
applied every 8 weeks in the form of alternate doses of NPK (A lb. per 
plant) and sulphate of ammonia (i lb. per plant). Collection of cuttings 
can usually begin six months after planting. 

Nursery plants require constant care and have to be regularly weeded 
and manured, and also have the shade properly adjusted throughout the 
period of their use. The best results from the nursery plants will be 
obtained if the following precautions are observed: all the cutting material 
should not be taken at any one harvest, as complete harvesting at one 
time leads to a woody nursery plant with restricted production; cuttings 
should be taken from different parts of the plant each time of harvesting; 
the plant should be given a rest by omitting one harvesting after a flush, 
preferably in the dry season. 

Terminal or lateral cuttings should be cut four to five inches longer 
than is required for rooting purposes. At least one-third of the available 
flush should be left to continue growth on the tree. 


Methods of Cocoa Propagation 

Closed Bin Propagators. The basic unit is a 9 ft. by 3 ft. bin, constructed 
in batteries consisting of: 

Propagating battery 54 ft. by 7 ft., made up of two rows of six bins. 

Hardening-off battery 36 ft. by 7 ft., made up of two rows of four bins. 
Light and humidity are controlled by: 

Overhead shade of bamboo slats or camouflage net permitting the entry 
of 50 per cent light. 

Frames consisting of clear glass covered with thin calico cloth which 
allows about 15 per cent light to enter the bin. 

Temperature is partly controlled by reduced light and partly by internal 
and external irrigation which also keeps the humidity at nearly 100 per 

Open Spray-Bed Propagators. These are basically the same as the closed 
bin propagators except that there is no provision for sealing by means of 
frames. Light is controlled by overhead shade which allows about 40 
per cent of light to enter. 

Humidity is kept up by constant fine spray or mist which is turned on 
continuously during daylight. 

Centrifugal Humidifier. This is housed in a building of special construc¬ 
tion with shelves for holding the plants. The roof is of alternate panels of 
aluminium and glass; the sides are of either alternate panels of clear 
plastic sheeting and aluminium, or of opaque perspex. A Bahnson 
centrifugal humidifier provides a high humidity. 

Important Variations to Closed-Bin Type of Propagator. 

( a > The bin is enlarged to a surface area of 108 sq. ft. (18 ft. by 6 ft.) by 

removal of the centre walls, which are replaced by metal supports. 
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Drainage and propagating media are replaced by a metal wire shelf 
eight inches above the bottom, and irrigation is effected by means of a 
single central water line. This type of bin is used for propagation in 
the basket. 

(b) This variation is identical with (a) except that the area below the shelf 
is watertight, and contains a constant supply of water below the plants. 
The desirable environmental conditions during propagation are: 10 to 
12 per cent of direct sunlight; temperature not above 32° C. (87-6° F.). 

Watering Schedules 
Closed Bins 

(a) The overhead perforated irrigation pipe is regulated to allow a constant 
drip to fall; this drip keeps the calico covers moist, increasing evapora¬ 
tion and thus controlling temperature. On dry days it is also necessary 
to open this line fully to allow for soaking the cloth. 

(b) The internal perforated water lines are utilised at regular intervals to 
saturate the air within the propagator. This method is not as efficient 
as is desired, hence the variations in design, which 

(i) utilise an irrigation pipe containing atomising nozzles; the water 
discharge, in a given time, is less than from a perforated pipe, which 
allows for a more frequent internal watering. 

(ii) the water bath method, which allows for a saturated atmosphere 
through evaporation from the free water surface. This method 
may be supplemented by means of irrigation lines. 

Open Spray Beds 

The constant spray is provided by atomising nozzles; in Trinidad 
T-jets are utilised, spaced every 3 ft. on two sides of the spray bed. A 
Centrifugal Humidifier has the advantage over the previous method in that 
whilst a 100 per cent humidity is maintained, the output of water is small. 

Environmental conditions are further influenced by the choice of media 
utilised for rooting the cuttings. The original medium developed at ICTA 
was coarse washed sea sand; this was in common use up to 1952. How¬ 
ever, it had two main disadvantages: 

(а) Poor water retentivity properties, hence more frequent watering 
required. 

(б) Type of roots produced tended to be short and coarse. 

Coconut coir residue has now been substituted; it has been found that 
the resulting rooting percentage is higher. 

THE ROUTINE OF VEGETATIVE PROPAGATION 

(1) Stem Cuttings 

(a) Material utilised is a semi-hard cutting (either apical or lateral), pre¬ 

ferably from a “fan” growth. Cuttings are selected as early in the 
morning as possible, and are immediately immersed in a pan contain¬ 
ing water. . . 

(b) Cuttings are transported to the propagating sheds in water, making 



108. Cocoa awaiting shipment on the beach at Winneba, Ghana 


109. Surf boats loaded with cocoa leaving the beach at Accra, Ghana 













NO. Removing the wood from under¬ 
neath the bud, leaving the bark and 

bud only 

THE TOPPER METHOD OF BUDDING 


III. Preparing the bark of the stock 
for reception of the bud. This is best 
done at 4 inches above ground-level 
so that by earthing up later the scion 
can be induced to root 



113. Wrapping the bud and stock 
with Resinite budding tape 


12. Inserting the bud in the stock 








114 . The bud and stock are completely 

wrapped in tape. The complete 
wrapping ensures the conservation 
of moisture around the bud. Three 
weeks after budding the tape is 
removed, the stock is nicked and 
broken 4 inches above the bud 



115. “Cleaning the bud union" which 
consists of cutting off the stock 
above the bud when scion has made 
about two months' growth 



117. The scion has produced its own 

roots 
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sure that the cut ends are immersed, the leaves being covered with wet 
calico cloth. 

(c) Preparation of cuttings for propagation consists of: 

(1) Trimming of leaves—large leaves being cut in half, medium to small 
leaves having about a quarter cut, and small leaves the tip removed. 
Trimming of leaves is necessary to prevent overshading in the bins 
and to facilitate the setting of more cuttings per unit area. 

(2) Lower leaves are removed, so that the prepared cutting has five or 
six leaves remaining. 

(3) Any diseased or damaged tissue is removed. 

(4) A fresh cut is made in the semi-hard portion of the stem; this cut 
is made in an intemode, preferably about a quarter of an inch 
from a node. 

(5) The prepared cuttings are dipped in the rooting hormone. 

(6) Where single leaf material is to be utilised, the above process is 
adopted, except that 

(i) more leaf area is retained; 

(ii) the cut is made between each node, about a quarter of an inch 
above the leaf axil (or node). 


Hormone Treatment 

The hormone utilised is as follows: 

3 gm. P-Indole-Butyric acid, plus 

3 gm. of a-Naphthylacetic acid dissolved in one litre of 50 per cent 
alcohol. 

This solution should be kept in an amber-coloured bottle, and stored 
away from light; storage of the solution for more than a few days leads 
to deterioration. This prepared solution is placed in shallow (about 3 in. 
diameter by 1 $ in. deep) cups in which the cuttings are dipped. 

Dipping consists of placing the freshly cut ends of the prepared cutting 
in the hormone solution for a few (5-6) seconds; after dipping, the cuttings 
are flicked to remove any surplus drops of hormone adhering to the ends 
and are then placed in the rooting bins. 


Setting 

The cuttings are set in the rooting bins by placing the cut ends some 
two to three inches deep in the rooting medium. The cuttings are placed 
nearly vertical (at an angle of about 70° to the surface of the medium) 
Then the surrounding surface is pressed down firmly to ensure that 
the cuttings cannot be displaced. 

In setting, care should be taken to ensure that there is not too much 
competition for light. A typical box (3 ft. by 9 ft. in surface area) will 
contam some 70-90 cuttings, dependent upon the size of the material 
utinsed. That is, cuttings are some three to four inches apart. 

Rooting Schedule 

In standard closed-bin type propagators, rooting is completed in 28 
days. During this period treatment is as follows: r 
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(1) Daily watering to maintain a humidity of nearly 100 per cent. Water¬ 
ing with perforated lines varies from three times in the wet season to 
five times in the dry season. Each watering should be of some two to 
three minutes’ duration. 

(2) Removal of any dead or diseased leaves or cuttings; this is especially 
important where an organic-type medium is employed. 

Potting of Cuttings 

On the completion of rooting (28 days) all cuttings are removed, those 
with roots being placed in shallow pans containing water so that the roots 
are immersed; the leaves are prevented from drying out by being covered 
with moist calico cloth. Potting is carried out in a glass-house. 

The baskets are filled with prepared damp potting soil; this is pressed 
down firmly so that the soil level is about 1 £ in. below the top of the 
basket. The cutting is placed centrally in the basket with the roots spread 
out. More soil is added, to a level of about 1-H in. above the top of the 
basket. This is firmed down so that the potted plant is erect and secure 
in the soil. 

Immediately after potting, the plants are placed in hardening bins. 
Hardening Schedule 

Hardening-off is the term applied to the acclimatisation of the rooted 
plants to normal atmospheric conditions. In this process vegetative 
growth is minimised initially to ensure that the young roots have made 
contact with the soil; thus when leaf growth commences, food supply is 
via the root system and not from plant reserves. 

Gradual acclimatisation is as follows: 

C a ) For the first 7-10 days the frames remain closed; watering is the same 
as during propagation. Internal watering, applied by means of hoses, 
should be less frequent. 

( b ) For the following five days the frames are opened in three stages, so 
that on the fourth day they are fully open. Internal watering is utilised 
only in the dry season. 

(c) Visual signs that hardening is completed are: 

(i) The commencement of flush; 

(ii) appearance of roots through the basket sides (i.e. root growth is 
being made). 

At completion of hardening (12-15 days), the plants are placed in glass¬ 
houses. 

Glass-House Schedule 

Glass-houses (providing 50 per cent shade) are utilised to protect the 
young plants whilst the first vegetative flush is being produced; this period 
generally lasts for some six to eight weeks. During this time the normal 
cultivation of the rooted plants commences. This is described below. 

Storage-Area Schedule 

In these 50-per-cent-shaded sheds, the plants remain until ready for 
distribution (some 5-6 months old for a stem cutting). Under Trinidad 
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conditions distribution of plants takes place only in the wet season, June 
to October; thus it may be necessaiy to maintain some plants considerably 
past the stage where they are large enough for field planting. 

Treatment in storage sheds is the same as in glass-houses and is as 
follows: 

(a) Watering is not generally required in the wet season, except in dry 
periods. In the dry season, watering is carried out as required, which 
is generally every two to three days. This method has been, in the 
past, to water by means of hand-hose lines, but is being grad¬ 
ually changed to the use of overhead sprinklers. 
ib) Fertilizing. Best results have been obtained by the application of a 
half-pint of a 1 per cent Urea solution every 10 days to each plant. 
In very wet periods this is replaced by the application of solid fer¬ 
tilizers at the rate of about 5 gm. per plant; when this is necessary 
the period is reduced to two to three weeks and sulphate of ammonia 
is alternated with a complete compound fertilizer (NPK.). 

(c) Cultivation. Weed removal and tilling the top soil is carried out 
roughly every two months. Tillage by means of a pointed stick is 
to a depth of about an inch. 

{d) Re-potting is carried out when the basket has rotted or when the soil 
level has become low (i.e. the basket less than three-quarters full). 
Fresh soil is pressed firmly in the bottom of the new basket, and the 
plant, with its ball of earth, placed on it and more soil added until 
the basket is full and the plant is rigid. 

(e) Spraying against pests and diseases is carried out as required. In the 
bamboo-covered sheds, spraying with a copper fungicide is carried 
out regularly every 14 days. 

TTie above outline is the general practice for all methods of propagation 
There are, however, certain variations as indicated below: 


(2) Single-Leaf Cuttings 

The single-leaf method of producing plants was first developed by 
Mabel in Surinam and was used extensively in experimentation bv Evans 
at the Imperial College of Tropical Agriculture. 

The single-leaf method is suitable for small-scale propagators enjoying 
constant supervision and skilled operators, but attempts in Trinidad to 
propagate on a large scale resulted in a marked lowering of efficiency. 

It takes an average of eight to nine months to produce a single leaf 
cutting suitable for planting in the field, compared with five to six months 

Mav trfn n u mCe ’ h ? wever ’ stem cuttin g s tak en during the period 
May to December have to be stored throughout the dry season, i e. for 

up to 12 months, it may be advantageous to use single-leaf material 

unng the period May to December and to change to stem cuttings 

Mmg Ja B UMy to April. By this arrangement the danger of having to 
use overgrown, pot-bound plants is avoided. 8 

ha^H Sm8l a* Ieaf CUtting of ordinary cutting material ie semi- 

hard wood cuttings (but preferably three to four days younger), which are 
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sub-divided by cutting the petiole about \ in. above each node Each 
cutting consists of one leaf and a piece of petiole about 1-2 in. long 
Thus each stem cutting is divided into four or five single-leaf cutting! 
In preparation of single-leaf cuttings, it is better to use cutting material 
that has larger leaves and not to trim the leaves as heavily as with stem 
cuttings. 

Propagating routine with single-leaf cuttings used in closed bins is as 
tollows: 


(a) Preparing as with stem cuttings but leaves are cut as described 
above. 

(b) Hormone treatment—Quick dip, using hormone half the strength of 
that used for stem cuttings. 

(c) The cuttings are set only £ in. to I in. deep in the rooting medium 
and therefore have to be supported between bars to prevent them 
from falling over and being uprooted. 

(d) Treatment in propagation and hardening is the same, but greater 

care must be exercised in watering to prevent the spray of water from 
either washing the medium away from the cut end or covering the 
single axillary bud. ° 

(e) In potting, the cuttings are supported by means of a “terite” or 
wooden stake. The stake can be inserted through the leaf, or the 
leaf can be nailed to the stake. 

On the Board’s central stations, the method of single-leaf propagation 
is used only as a means of bulking up scarce or new varieties. It has been 
found that even though extra supervision is given to this method, the 
actual efficiency of operation is about 25 per cent lower than with stem 
cuttings. However, the method has the advantage of producing three to 
four times as many plants as stem cuttings from a given quantity of 
material. 


THE CONSTRUCTION OF COCOA PROPAGATING STATIONS 

The following are actual average material requirements and costs (1954 
basis) for a unit capacity of 25,000 plants per annum. Such a unit consists 
of a concrete slab 158 ft. by 144 ft., on which are constructed: 

4 propagating batteries (54 ft. by 7 ft.) 

4 hardening batteries (36 ft. by 7 ft.) 

1 50-per-cent glass-house (100 ft. by 36 ft.) 

Storage area covered with bamboo slats. 


(a) Material Costs in Approximate Order of Work (Trinidad: $1 = 4s. 2d.) 

1. 3* hardcore of 2" broken stone $ $ 

210 cu. yd. @ 5.00 1,050.00 

2. Boxing and formwork 

1,800 board feet second class lumber @ 0.12 216.00 

2,400 board feet first class lumber @ 0.29 696.00 

3. 4" concrete slab of a mix—1 concrete to 3 

sand to 6 stone 

940—96 lb. sacks cement @ 2.17 2,039.80 
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103—cu. yd. sand 


@ 

3.50 

206—cu. yd. broken stone 


@ 

5.00 

4—propagating bins: 
each, 5 cu. yd. concrete 

@ 

24.00 

120.00 

736 hollow clay tile blocks 




4* x 8* x 12' 

@ 

0.125 

92.00 

12 sacks cement 

@ 

2.17 

26.04 

Steelwork 


80.00 

4 at 



318.04 


5. 4 hardening bins @ § cost of propagators 

6. 1 glass-house, Arcon prefabricated 

7. Drainage work, propagators, hardeners and 

storage area 

8. Storage sheds, consisting of teak post up¬ 

rights at 12 ft. centres, with rafters of local 
lumber and shade provided by split bam¬ 


boo slats 

150 teak posts (9 '. x 4'.) @ 1.52 

7 cu. yd. concrete for setting posts @ 24.00 

3024 board ft. 3' x 2" rafters @ 0.20 

10560 12'pieces split bamboo @ 0.04 

9. Water lines—propagators each: 

internal water line 108'—£' perforated 
pipe @ 0.38 41.04 

overhead water line 54'—J' perforated 
pipe @ $0.30 16.20 

4— i" valves @ $3.06 12.24 

I—valve @ $2.39 2.39 

4 propagators @ 7T87 


10. Water lines—hardeners each: 

overhead water line 36'—i' perforated 
pipe @ 30c. 

1—valve @ $2.39 
4 hardeners 

11. Water lines and sprinklers in storage area 

14 Rain Bird £' lath house sprinklers 
12 i’ garden taps 
6 1' valves 
850 ft. f pipe 
150 ft. pipe 
pipe fittings 


10.80 

2.39 

13.19 


7.00 

3.45 

3.06 

0.28 

0.20 


Total material cost 


(6) Labour Costs @ 60 per cent of Material 
(c) Clearing of Site 

(a) Preparation of Area, Levelling and Construct¬ 
ing Dwarf Retaining Walls 


Total 


253 

360.50 

1,030.00 


1,272.16 

848.10 

6,000.00 

500.00 


228.00 

168.00 

604.80 

422.40 


287.48 


52.76 

98.00 

41.40 

18.36 

238.00 

30.00 

50.00 

$16,251.76 

10,061.07 

350.00 

2,400.00 


$29,062.83 



2:>4 Appendix V 

(e) Miscellaneous Charges at 15 per cent of above figure 
Includes Tools and Equipment, Supervision 
and Loss of Time through Sickness, Leave 
and Rainy Days 


4,359.42 


Total Cost of a Unit 


$33,422.25 


From this it may be seen that the capital cost of a station such as La 
Reunion, which contains eighteen 25,000 plant capacity units, would be 
about $2.00 per plant. 


(?) Cost of units—$33,422.25 x 18, or 601,600.50 

(u) Cost of main water supply 81,000 00 

(iii) Cost of roads 63,000.00 

(iv) Cost of administrative and other buildings 63,000.00 

(v) Cost of staff housing 27,000.00 

(vi) Cost of purchase of equipment 32,400.00 

(vii) Cost of transport in construction 36,000.00 


Total $894,000.50 


N.B.—Items (ii)-(vii) are actual costs, La Reunion. 


Water Supply for Cocoa Propagation 

(a) Chemical reaction: 

pH 5-5-7 0 (optimum 6-5) 

Electrical conductivity—not to exceed 1,000. 

( b ) Salt content: 

Where electrical conductivity is high, a complete analysis of water 
should be made and if it should be found to contain sodium chloride 
it is unsuitable for use. 

(c) Quantity required: 

The Cocoa Board central stations consume (for all purposes) one 
quart of water per day per plant (annual capacity). Storage is 
provided for double this quantity of water, e.g. La Reunion has 
storage for 200,000 gallons. 

{d) Pressure required: 

For closed bins with internal perforated pipes a pressure of 10-15 
lb. per sq. in. is satisfactory. For sprinklers and nozzles a pressure 
of 40-50 lb. per sq. in. is generally required, e.g. T-jets used in 
open spray beds have an optimum discharge at a pressure of 50 lb. 
per sq. in. 

Cost of Planting a Clonal Cocoa Nursery of One Acre 
The following are on the assumption of a planting distance of 6 ft. 
by 6 ft. (1,200 plants per acre) and that the land utilised was in secondary 

forest. . 

In Trinidad some 200 pickets per acre (at 6 ft. by 6 ft.) are lost in 

allowing for paths and roads in the nursery. 
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Costs per acre : 

Clearing land 

Cutting pickets (for lining) 

Lining (at 6'x 6') 

Digging banana plants (300) 

Planting bananas (12' x 12'—or 300) 

Planting cassava and/or tannia (2 per picket) 
Planting immortelle (24' x 240 
Two cutlassings 
Roundering (once) 

Replacing casualties in shade 
Digging cocoa holes (1,200) 

Potting manure (1 bushel/hole) 

Making cocoa mounds 
Potting cocoa plants 
Planting cocoa (75 per man-day) 

Applying fertilizer 7 days after planting at i lb. 
per plant 


20 man-days 
5 


_6 

140 


12 loads of pen manure at $10.00 
3 cwt. of sulphate of ammonia at $6.00 

140 man days at $2.70 

Total 


$ 120.00 

18.00 

$138.00 

378.00 

$516.00 


i.e. cost per nursery plant is 52c. for preparation and planting. 

Efficiency of Cocoa Propagation in Trinidad 

The efficiency of cocoa propagation in Trinidad is expressed in terms 

ol the production efficiency, which is the number of rooted plants suitable 

L° r P , 5 ntin S for evei y one hundred cuttings set in the propagating 
bins. The figures given below are averages. F 8 8 

(a) Propagation in closed-bin propagators: 

From 100 cuttings taken 

Loss during rooting 35 

Loss during hardening 7 

Loss during storage 8 

Production efficiency 50 

har<knersf ati ° n ^ 0pe ° S P ra > r " bed Propagators utilising closed-bin 

From 100 cuttings taken 

Loss during rooting 30 

Loss during hardening 12 

Loss during storage 8 

Production efficiency 50 
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Preliminary results, utilising a continuous humidifier for hardening-off, 
show a reduction in losses during hardening-off from 12 per cent to 
some 4-5 per cent. 

(c) Propagation in baskets: 

This method has been in use for only 18 months, and on a relatively 
small scale. To date, some 12,000 plants have been produced. 

From 100 cuttings taken 

Loss during rooting and hardening 20 

Loss during storage 

(i) in glass-houses 5 \ . 3 

(ii) in storage sheds 8 / 

Production efficiency 67 

It should be noted that in this method, rooting and hardening are 
completed in one month (normally: rooting one month, hardening 10 
days). However, it has been found necessary for the plants to remain 
correspondingly longer in glass-houses. 


REFERENCES 

McKelvie, A. D., Trop. Agric. (1957), 34, 260. 

Murray, D. B., “A Report on Cacao Research,” 53, Imp. Coll. Trop. 
Agric. (Trinidad, 1953). 

Murray, D. B., and Bridge, C. J. R., “A Report on Cacao Research," 
41, Imp. Coll. Trop. Agric. (Trinidad, 1957). 



Appendix VI 

COCOA FERMENTATION 


Thb importance to the manufacturer of the proper fermentation of 
cocoa has been stressed in Chapter VIII. The following paper 
advances a new theory of the process and embodies the result to date 
of research carried out by Mr. R. V. Wadsworth and Dr. G. R. 
Howat in the laboratories of Messrs. Cadbury Brothers Ltd. at 
Boumville. It is reproduced with their permission and that of the 
editors of Nature (1954, 174, 392; Macmillan & Co. Ltd.), in which 
it first appeared. 

PROPOSED METHOD FOR FERMENTING SMALL QUANTITIES 

An attempt has been made to solve the problem of the fermentation 
of small quantities of cocoa beans. A solution to the problem is 
particularly urgent at the present time when botanists have made 
available a large number of new varieties of cocoa. What has been 
lacking is a satisfactory method of fermenting beans from only one 
or two pods from each variety, to enable an early and accurate 
assessment to be made of their quality and acceptability to chocolate 
manufacturers. 

For our experiments, pods of West African Amelonado cocoa 
were flown from Ghana by commercial airline. Usually they arrived 
at Boumville about twenty-four to thirty hours after leaving Accra. 
On arrival the pods were swabbed with a solution of a quaternary 
ammonium compound to remove surface moulds and other organ¬ 
isms. Tests for viability were made on a few beans by staining 
technique, and by germination tests. It was found that no chocolate 
flavour could be developed from dead beans, and the time of death 
was an important factor. 

Two methods of fermentation were developed. In the first method 
an apparatus similar to that described by De Witt was used. The 
pods were opened under aseptic conditions and the beans were 
sprayed with a mixed culture of a yeast, Hansenula anomala, and an 
acetic-acid-producing organism. Bacillus orleanensis. 

Knapp (ref. 3, pp. 17, 30) states that both these organisms are 
iound frequently in commercial fermentations. The inoculum was 
about 20 million organisms suspended in 10 ml. of Ringer’s solution. 
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In accordance with the practice adopted in good commercial fer¬ 
mentations, the beans were well stirred every second day. 

Fig. 10 shows the fermentation curve aimed at, using this method. 
It will be noted that during the first 3>\ days the temperature should 
not exceed 38° C. During the last three days the temperature should 
be about 50 to 51° C. 



Fig. 10 

At the end of the fermentation period, the beans were dried in a 
cabinet maintained at a high humidity to simulate West African 
conditions. Heat was supplied by a 100-watt electric light bulb. The 
temperature was not thermostatically controlled and it varied between 
45° and 50° C. Under these conditions, drying to a moisture content 
of about 6 per cent took five or six days. 

Beans prepared by this method and using the temperature limits 
shown in Fig. 10 were generally brown in colour and had cotyledons 
with an open texture. A few beans showing some purple colour in 
the cotyledons were found in most of the experiments. It was found 
that the beans from these fermentations, after roasting and shelling, 
could be made into chocolate with a good chocolate flavour. 

The second method involved the use of “aseptic fermentations”. 
In these, the beans were maintained at any desired temperature in a 
water-bath or incubator. The pulp was not removed; but the beans 
were sprayed with a very dilute solution of a quaternary ammonium 
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compound to prevent the growth of organisms in the pulp during 
“fermentation”. This method is capable of general application, and 
it is independent of the chance presence of desirable (or undesirable) 
micro-organisms in the atmosphere or the use of pure cultures. 
Suitably modified, we have been able to ferment successfully single 
beans by this method. In our later experiments the aseptic method 
was used exclusively, and we consider it less liable to variation than 
the traditional method. 


Details of the aseptic method are as follows. The beans are re¬ 
moved from the pods under aseptic conditions and placed in sterile 
glass vessels. If the beans from two or three pods are being fermented, 
tall 600-ml. beakers are suitable. The beans are then sprayed with a 
solution containing 300 p.p.m. of a quaternary ammonium com¬ 
pound. The beakers are fitted with false bottoms prepared by placing 
inverted watch glasses on a framework of glass rod. Any liquid 
produced during “fermentation” consequently drains away from 
the beans. The top of each beaker is covered with several thicknesses 
of aluminium foil and this is kept in place with a tight rubber band. 

The beakers are placed in a water-bath or incubator kept at a 
temperature of 35° C. and allowed to remain there for a period of 
84 hours (3£ days). During this period a considerable volume of 
carbon dioxide gas is produced and it is essential that this should be 
removed. It can be done in one of two ways. A quantity of potassium 
hydroxide solution can be placed under the watch glass at the bottom 
of the beaker, or the beans can be thoroughly stirred after 24, 48, 
and 72 hours, and at 84 hours. The first method is probably the 
better; but it will be remembered that in no circumstances should 
the potassmm hydroxide solution come into contact with the beans. 

The beaker containing the beans is then transferred to a water- 
incubator at 50 ° c - and kept at this temperature for a period 
.V. rs . (3 **)&). Although production of carbon dioxide at 

V \ s 1,n ^ed to the first few hours (until the death of the bean) 
it is desirable that even this small quantity of gas be removed. This 
can be done either by stirring after 24 hours at 50° C. or by the use 
oi potassium hydroxide solution. 

At the end of the period the “fermented” beans are plump, and 
when cut exude a small quantity of dark brown liquid. The cotyle- 
dons are open and can readily be separated from each other. They 
are a pak watery purple colour, possibly with a background of brown. 

thesame^HV 11 ™ traI 'f eiTe ‘ 1 ‘° * drying cabinet and dried under 
he same conditions as those fermented naturally. When dry the 

beans mil be found to have a loose shell and, on cutting the «,tvle- 

d °ns W1 » be found to be dark brown in colour and to have an open 
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texture. After roasting and shelling they can be made into chocolate 
which has a good chocolate flavour. 


FACTORS INVOLVED IN FERMENTATION 

Recent experiments on the fermentation of small quantities of 
West African Amelonado cocoa in these laboratories have directed 
attention to several aspects of the changes involved in fermentation 
which do not appear to have been noted previously. At least three 
factors play a part in the development of chocolate flavour. 

The first is the germination processes in the bean during the first 
part of fermentation. This seems to have been accorded no impor¬ 
tance in previous work. Indeed, Knapp (ref. 3, p. 134) states that 
“until the bean is killed no change takes place in the interior, so that 
it is desirable to raise the temperature rapidly to accomplish this”. 
Our experiments have shown that this view is incorrect. Beans 
which have been killed by cold—24 hours in a refrigerator at 1° to 
1-5° C.—and then fermented using pure cultures of organisms, or 
prepared by the aseptic method, do not produce anything resembling 
a chocolate flavour. Also, when beans are maintained at a tempera¬ 
ture of 50° C. for several days without a prior period at a germinating 
temperature, no chocolate flavour is developed. 

The second factor is that the beans must be maintained at a tem¬ 
perature of about 50° C. for several days after the initial germination 
period. If this is omitted and the beans maintained at around 35° C. 
for five days, they give either a mild flavour which is reminiscent of 
caramels, or have a slight liquorice character when made into choco¬ 
late. In addition, the colour of such beans after drying is not brown, 
it is purple. At higher temperatures the degree of purple remaining 
in the finished beans is less; but it is our experience that even when 
a temperature of 45° to 46° C. is maintained instead of 50° C., some 
purple background is present and there is bitterness in the chocolate 
produced. It should be noted that the temperatures used in our aseptic 
fermentations approximate roughly to those observed in good com¬ 
mercial fermentations. The nature of the changes produced during 
this period has not been studied by us in detail. They are, however, 
undoubtedly associated mainly with changes in the polyphenols, as 

has been noted by Forsyth. . . 

The third factor is the removal of carbon dioxide from the air 
around the fermenting beans. It is well known, of course, that carbon 
dioxied is produced in fermenting cocoa. There appears, however, 
to be on published record that large quantities of carbon dioxide are 
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produced by the bean itself—as distinct from fermentation of the 
pulp—during the early stages of fermentation. 

Our experiments have shown that when fermented under aseptic 
conditions, the carbon dioxide content of the atmosphere around 
the cocoa beans may rise as high as 90 per cent during the first three 
days. In fermenting single-bean samples, we have found that a single 
cocoa bean (dry weight I *2 gm.) produces up to 10 ml. carbon dioxide 
at N.T.P. during the early stages of fermentation. There is apparently 
no liberation of carbon dioxide after the bean dies. 

In certain experiments an atmosphere of carbon dioxide was 
maintained around the beans during the period they were held at 
50° C. or during drying. In each case it was found that the chocolate 
prepared from such beans was unpleasant and had no chocolate 
flavour. 

It is interesting to note that in good commercial fermentations the 
practice is to turn the cocoa or to mix it every second day. This will 
have the desired result, if properly done, of removing the carbon 
dioxide. 

Two other points have interested us. One is that during fermenta¬ 
tion very little change takes place in the pH of the cotyledons. In our 
fermentations, using pure cultures of organisms, we found that the 
pH of the pulp fell from about 4 to 2-5. There was no similar fall in 
the/>H of the cotyledons; here a slight reduction, from 5*5 to 5, was 
all that was noted. 


This point is of particular interest in that it has been frequently 
suggested that the flavour of fermented beans is affected by the char- 
acter of the fermentation which it has undergone, and that the esters 
tormed during fermentation may permeate the testa and pass into the 
eotyledons. In the light of our findings, this seems unlikely. 

I he other point which interested us was the gap in temperature 
that exists between the thermal death-point of the organisms which 
occur in commercial fermentations and the maximum temperature 
recorded in a fermenting heap. The thermal death-point of most 
rgamsms occurring in commercial fermentations is 43° to 44° C. 

by ^ ombouts ; Tbe maximum temperature recorded in 
8 °u termentation practice is, however, usually 50° to 51° C It 

permt^ ? oss ! ble tbat hea t produced by the enzymic processes in 
germination is sufficient to raise the temperature of the whole fer- 

a f D n mass sufficien tly to bridge the gap between 44° and 51° C 
and wi tbese experiments is in course of preparation 

of cSdhn^ P R J e l S ™ he ; e ‘ We are indebted the Directors 
municario^ B herS ’ Ltd * for P errais sion to publish this com- 
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PREPARATION OF BORDEAUX MIXTURE 

Bordeaux mixture is one of the oldest fungicidal mixtures but it is 
still one of the most effective for the control of black pod disease on 
cocoa. The quality of the mixture will depend on the materials used 
and the method of preparation. A 1 per cent mixture is normally 
used and is made up of 5 lb. of copper sulphate and 5 lb. of quick¬ 
lime in 50 gallons of water. This is sometimes referred to as a 
“5-5-50” mixture. 

A good quality quicklime or slaked lime should be used. It is 
difficult to store in the tropics and should not be kept longer than 
three months. 

In Nigeria calcium carbide has been used successfully as a substi¬ 
tute for lime, 2 } lb. being used in place of 5 lb. of lime. 

The lime and copper sulphate are dissolved separately in water in 
a wooden tank which has two compartments of different sizes. In 
the smaller compartment 10 lb. of lime are dissolved in 20 gallons 
of water and agitated. In the larger compartment 10 lb. of copper 
sulphate are dissolved in 80 gallons of water. The crystals of copper 
sulphate should be placed in a small bag or on a perforated tray 
suspended just under the surface of the water. 

The two solutions are mixed in the tank of the spraying machine, 
the lime being put into the tank first. During the mixing the indi¬ 
vidual liquids must be agitated continuously. Although copper 
sulphate solution is corrosive the mixture is not, so the mixing tank 
may be made of metal. 

The mixture should be used within a few hours of preparation. 
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COCOA PRICE EQUIVALENTS 


New York 
(c.i.f.) 


cents 
per lb. 

20 

21 

22 

23 

24 

25 

26 

27 

28 
29 


United 

Kingdom 

(c.i.f.) 


s. d. 
per cwt. 

160 0 
168 0 
176 0 
184 0 
192 0 
200 0 
208 0 
216 0 
224 0 
232 0 


New York 
(c.i.f.) 


cents 
per lb. 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


United 

Kingdom 

(c.i.f.) 


s. d. 
per cwt. 

240 0 
248 0 
256 0 
264 0 
272 0 
280 0 
288 0 
296 0 
304 0 
312 0 
320 0 
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REGULATIONS REFERRING TO COCOA IN GHANA 


THE COCOA INDUSTRY (REGULATION) ORDINANCE, 1937 

(No. 14 of 1937) 

THB COCOA INDUSTRY REGULATIONS, 1958 

In exercise of the powers conferred upon the Governor-General by 
section 16 of the Cocoa Industry (Regulation) Ordinance, 1937, the 
following Regulations are hereby made. 

1. Title. These Regulations may be cited as the Cocoa Industry 

Regulations, 1958. J 

2. Definitions. In these Regulations unless the context otherwise 
requires: 

“flat bean” means a cocoa bean from which the cotyledons are 
absent; 

“foreign matter” means any material other than cocoa beans; 
“germinated bean” means a cocoa bean the seed coat of 
which has been pierced, split or broken by the growth of the 
seed-germ; 

“mouldy bean ” means a cocoa bean in which mould or fungus 

is present and visible to the naked eye in the internal parts of the 
bean; r 

“slaty bean” means a cocoa bean which, on being cut length¬ 
wise through the centre, shows a slaty colour on half or more of 
the cut surfaces; 

smoky bean ” means a cocoa bean which has a smoky smell 
or^ taste or which shows signs of contamination by smoke or 

“weevily bean” means a cocoa bean the internal parts of which 

are found to contain insects or to show signs of damage by 
insects; ° J 

“certificate” means a certificate of registration issued under 
tbe provisions of regulation 5 of these Regulations; 

to adulterate” with its grammatical variations means: 

(!) To mix or combine with cocoa which falls within a grade 
defined in regulation 13 of these Regulations, either— 

(a) cocoa which does not fall within a grade defined in 
regulation 13 of these Regulations by virtue of the fact 
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that it is damp or that it contains foreign matter, or 
smoky beans, or 

( b ) any foreign matter. 

(2) To mix or combine cocoa which falls either in Grade I or 
Grade II cocoa as defined in regulation 13 of these Regu¬ 
lations with cocoa inferior to Grade II. 

“occupier” includes the owner or occupier of the building, his 
servants and any other person using the building at the instance 
of the owner or occupier. 

3. Care and Storage of Cocoa. (1) After removal from a cocoa 
farm, cocoa shall be stored in a building and the occupier thereof 
shall ensure that: 

(а) the building is rainproof; 

(б) its floors are dry and properly constructed of cement, 
concrete, stone, brick or wood; 

(c) it is provided with sufficient doors and windows to allow 
adequate ventilation; 

(d) the inside walls are painted or whitewashed and re-painted 
or re-whitewashed annually or at such other period as the 
the Chief Inspector may specify. 

(2) Notwithstanding the provisions of paragraph (I) of this 
regulation, the Chief Inspector, or an officer acting on his behalf, 
may, if in his opinion the circumstances so require, issue a permit 
authorising cocoa to be stored in the open or in lean-to sheds or 
on verandahs. 

(3) Where cocoa is stored under the provisions of paragraph (2) 
of this regulation, the cocoa shall be: 

(a) stored on gratings or deckings which allow at least six 
inches air space above the ground or the floor; 

(b) protected from rain and moisture by being covered with 
waterproof coverings; and 

( c ) stored under such additional conditions as the Inspector 
may in writing specify so as to maintain quality. 

(4) The occupier of buildings in which cocoa is stored after 
removal from a cocoa farm shall ensure that: 

(a) the cocoa is stored on gratings or deckings which allow 
at least three inches air space above the floor; 

(b) the cocoa is stored so that alleyways are left opposite doors 
and windows and between stacks and walls to allow 
adequate ventilation and access to all sides of each stack, 

(c) the cocoa is not stacked above the height of the side walls 
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of the building, except with the written permission of an 
Inspector; 

{d) the building is kept clear of dust, cocoa debris, loose 
cocoa beans and refuse and the air space beneath the 
gratings or deckings is free therefrom; 

(e) insects in the building are destroyed and the premises are 
kept free from insects and rodents; 

(f) the seams of bags containing cocoa are kept free from 
insects, insect eggs and dust; 

( g) substances which may be injurious or deleterious to cocoa, 
in particular cement, kerosene or tar, are not kept in a 
building in which cocoa is stored; 

(h) wet cocoa, unsealed insect-infested cocoa, or cocoa con¬ 
taining smoky beans is kept in a building other than that 
in which sealed cocoa is stored; 

(0 agricultural produce are kept in a building other than that 
in which cocoa is stored; 

(/) empty bags are kept away from any building in which 
cocoa is stored; 

(k) sufficient doors and windows are kept open during the day 
to provide adequate ventilation. 

(5) After removal from a cocoa farm, cocoa shall not: 

(a) be transported, or loaded on to, or unloaded from, vehicles 
under conditions which may cause the cocoa to deteriorate 
or become contaminated by any substance which might 
injuriously or deleteriously affect the cocoa; and 

(b) be stored in bags infested with insects. 

(6) Cocoa shall be bagged in clean dry bags of strong and 
unimpaired texture. 

(7) Cocoa which has been graded and sealed shall be stored 
only in premises in respect of which a certificate has been issued. 

(8) The provisions of sub-regulations (1) and (4) of this regu¬ 
lation shall not apply to the dwelling-house of a farmer. 

(9) Any person who contravenes any of the provisions of this 
regulation shall be guilty of an offence. 


Th*" * ns P ect * on f or grade-marking and sealing to be appointed. 

t he Chief Inspector may by notice published in the Gazette appoint 

Kifu at Wh ! ch * ns pection for grade-marking and sealing of cocoa 

S if-^ carr ^ e< ^ ou t and may specify the period of the year during 

Which such inspection for grade-marking and sealing shall be 
earned out. 
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5. Certificate of Registration of premises for storage of cocoa. 
(1) The Chief Inspector may issue to any person a certificate of 
registration of premises in the form set out in the First Schedule to 
these Regulations for the storage of cocoa and such certificate shall be: 

(a) issued only in respect of premises situated in places 
appointed by notice published in the Gazette under the 
provisions of regulation 4 of these Regulations; 

( k ) issued only in respect of premises which comply in all other 
respects with the provisions of these Regulations; 

( c) applicable only to the premises in respect of which it has 
been issued; 

(d) prominently displayed at all times in the premises to which 
it refers when cocoa is stored in such premises; 

( e ) liable to revocation by the Chief Inspector by notice in 
writing if he is satisfied that the premises are no longer 
suitable for the storage of cocoa or for any other reason; 

if) returned by registered post to the Chief Inspector by a 
holder on whom has been served a notice of revocation. 

(2) The use, or attempted use, of a certificate in premises other 
than those to which it refers or the use or attempted use of a revoked 
certificate in any premises or the non-compliance with the provisions 
of paragraph ( d) of sub-regulation (1) hereof shall be an offence. 

6. Notice to be given for inspection. Any owner or exporter requir¬ 
ing his cocoa to be inspected, graded and sealed shall give to the 
Inspector at one of the places appointed under the provisions of 
regulation 4 of these Regulations not less than ninety-six hours’ 
notice in writing. The Inspector may, if he thinks fit, accept a shorter 
period of notice. 

7. Method of obtaining samples. Samples for inspection shall be 
obtained either: 

(a) by taking at random samples from the beans entering the 
hopper or from beans in unclosed bags or on tarpaulins; 
or 

( b) from closed bags containing cocoa by taking samples 
through the meshes of the bags by means of a stab-sampler 
provided by the Chief Inspector. 

8. Amount of samples to be taken. Samples taken under regulation 
7 of these Regulations shall be at the rate of not less than three 
hundred beans for every ton of cocoa or part thereof, provided that 
in respect of a consignment of one bag or part thereof, a sample of 
not less than one hundred beans shall be taken. 
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9. Separate inspection of samples. Notwithstanding the provisions 
of regulation 7 of these Regulations, an Inspector may draw a 
sample from any bag or from any part of a consignment and inspect 
such samples separately. 

10. Number of beans for inspection. Where the beans taken for 
inspection in respect of any consignment, under regulations 8 and 9 
of these Regulations, exceed three hundred they shall be mixed 
together and from such mixture there shall be drawn a final sample 
of three hundred beans for inspection; provided that in respect of a 
consignment of one bag or part thereof, there shall be drawn a final 
sample of one hundred beans for inspection. 

11. Sampling not to be continued in certain cases. Where an Inspec¬ 
tor finds in the course of sampling any cocoa that such cocoa, in 
whole or in part, does not comply with the provisions of regulation 
13 of these Regulations, he shall not proceed with the sampling 
until the defects have been remedied. 

12. Method of inspection and determination of grade. (1) For the 
purposes of inspection, every bean shall be cut lengthwise through 
the middle, and a count shall be made of the number of beans which 
are defective in that they are mouldy, weevily, germinated, slaty, flat 
or decayed. Where a bean is defective in more than one respect, only 
one defect shall be counted, and the defect to be counted shall be the 
defect which occurs first in the defects aforementioned. 

(2) From the count of defective beans so made the Inspector shall 
determine the grade of the cocoa in accordance with regulation 13 
of these Regulations. 

13. Cocoa grades. Cocoa shall be inspected and graded as fol¬ 
lows: 

(a) Grade 1.—Cocoa which is thoroughly dry, free from foreign 
matter, smoky beans and any evidence of adulteration, and 
contains not more than five per centum by count of mouldy, 
weevily, germinated, flat or decayed beans, and not more 
than five per centum by count of slaty beans; 

( b ) Grade II.—Cocoa which is thoroughly dry, free from 
foreign matter, smoky beans and any evidence of adultera¬ 
tion, and contains not more than ten per centum by count 
of mouldy, weevily, germinated, flat or decayed beans, and 
not more than fifteen per centum by count of slaty beans, 
and in which neither mouldy nor weevily beans exceed 
five per centum by count; 
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(c) Grade III.—Cocoa which is thoroughly dry, free from 
foreign matter, smoky beans and any evidence of adultera¬ 
tion, and contains not more than fifteen per centum by 
count of mouldy, weevily, germinated, flat or decayed 
beans; and 

( d ) Sub-grade.—Cocoa which is thoroughly dry, free from 
foreign matter and smoky beans and contains more than 
fifteen per centum by count of mouldy, weevily, germinated, 
flat or decayed beans. 

14. Cocoa to be bagged after inspection. The owner of cocoa or his 
agent shall immediately after sampling in accordance with para¬ 
graph (a) of regulation 7 of these Regulations bag or cause to be 
bagged and sewn up any cocoa so inspected. 

15. Method of sewing up bags. (1) Bags containing cocoa for export 
shall be closed and stitched by the owner or his agent with a con¬ 
tinuous length of tape or twine without knots (except as provided in 
paragraphs 3 and 4 of this regulation) which shall be of a type and 
colour approved by the Chief Inspector. 

(2) Bags may be sewn by machine or by hand and the manner 
of sewing shall be such that no person can open the mouth of any 
bag without breaking the seal or cutting the tape or twine, or extract 
cocoa between the stiches. 

(3) Each end of the tape or twine of machine-sewn bags shall 
be secured in a knot. 

(4) The tape or twine of hand-sewn bags shall, at commence¬ 
ment of sewing, be securely fastened by a slip-knot on the inside of 
the bag and sewing shall extend down each side seam to a depth of 
two inches. 

(5) Non-compliance with the provisions of this regulation shall 
be an offence. 

16. Method of grade-marking and grade-marks. (1) All inspected 
cocoa shall be grade-marked by the Inspector and such grade-mark 
shall be appropriate to the grade determined by the inspection pro¬ 
vided that where more than one final sample is inspected in respect 
of any consignment or part thereof, each bag shall be grade-marked 
according to the most inferior sample taken therefrom. 

(2) Grade-marks shall be in the form set out in, and shall be 
affixed according to, Part I of the Second Schedule to these Regula¬ 
tions and shall be placed on bags by means of a stencil or stamp. 
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17. Seals and method of sealing. (1) Seals shall be of the design 
set out in Part II of the Second Schedule to these Regulations and: 

(a) shall have on one face below the broad arrow such number 
as the Chief Inspector shall specify for the month in which 
the bag is sealed; 

(b) shall be blank on the other face save for a number which 
shall be assigned to each Inspector by the Chief Inspector; 
which number shall be impressed on the seal by the Inspec¬ 
tor in a manner specified by the Chief Inspector. 

(2) Seals shall be affixed only by an Inspector and in a manner 
specified by the Chief Inspector. 


(c) 

id) 

(e) 


18. Notice of Export. (1) No person shall export cocoa without 
giving the Inspector concerned not less than 48 hours’ notice in 
writing of his intention to export. The Inspector may, if he thinks 
fit, accept a shorter period of notice than that required under the 
provisions of this regulation, and such notice shall state: 

(a) the name of the exporter; 

(b) the anticipated date of exportation; 
the name of the vessel by which the cocoa will be shipped; 
the number of bags to be exported, grade(s) and the 
identification on the bags; and 

. . the place and premises wherein the cocoa is stored. 

(2) The export of a consignment of cocoa shall not be permitted 
unless the notice of intention to export has been received and 
countersigned by the Inspector concerned. 

(3) Any person who contravenes any of the provisions of this 
regulation shall be guilty of an offence. 

19 . Detention of cocoa awaiting shipment (1) An Inspector who 
nds m a boat or barge, or in a consignment awaiting shipment, any 
ag of cocoa or any cocoa, which appears to him to be wet, or which 
m any other way contravenes the provisions of the Ordinance or of 
these Regulations, may detain such bag of cocoa or such cocoa, any 
may order such bag of cocoa or such cocoa to be removed by the 
owner or his agent to the premises of such owner or agent or to and 
? ec "£ eas th « Inspector may specify, for desealing, inspection, 

conswt nSary gSm8, ***** “* SeaIi " g aS the Ins P ector ma y 

Tn™ 9 ) P erson who fails to comply with an order given by an 
an offJniL^^ ^ provisions of this regulation shall be guilty of 

20. Treatment of sealed cocoa found not to comply with Regula - 
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tions. Any cocoa which has been graded and sealed and which on 
subsequent inspection by an Inspector does not comply with the 
provisions of the Ordinance or of these Regulations shall be dealt 
with in a manner, including desealing, as the Inspector may deem 
fit, and failure to comply with any directions given by the Inspector 
regarding such cocoa shall be deemed to be an offence. 

21. Transfer of cocoa to other bags. Where for any reason cocoa 
which has been graded and sealed is to be transferred to other bags, 
the Chief Inspector may permit such transfer and authorise the 
removal of the seals. 

22. Period of validity of grade-marks. The period of validity of 
any grade-mark shall be four months from the end of the month 
during which the cocoa was graded and sealed. 

23. Re-grading of cocoa by request. Any owner or his agent who 
considers that the grade-mark on any bag of cocoa belonging to him 
does not denote correctly the grade of the cocoa contained therein 
may apply to the Inspector and shall be entitled to have the cocoa 
re-inspected and re-graded as appropriate. Such an applicant shall 
pay a fee of one penny per bag to be re-inspected, and the fee shall 
be returned to the applicant if his contention is justified. 

24. Certificate of inspection. An Inspector may, in his discretion, 
furnish an owner or his agent with a certified true copy of the results 
of the inspection of any bags of sealed cocoa on payment by the 
owner or his agent of a fee of three pence per one hundred bags or 
part hereof; provided that an owner or his agent who requires a 
bag-by-bag examination, shall pay a fee of one penny per bag. 

25. Adulteration of cocoa. Any person who— 

(a) adulterates or permits or causes to be adulterated any cocoa 
intended for sale; or 

(b) sells, or has in his possession, or tenders in satisfaction of 
any claim or demand, any adulterated cocoa, 

shall be guilty of an offence. 

Provided that it shall be a defence for any such person if he proves 
to the satisfaction of the court either that— 

(a) (i) he was not aware and could not with reasonable dili¬ 
gence have become aware that the produce was adul¬ 
terated; _ . 

(ii) he had taken all reasonable precautions against the 

commission of the offence; and 

(iii) on demand made by the prosecutor, he gave all the 



Regulations Referring to Cocoa in Ghana 273 

information in his power with respect to the person or 
persons from whom he obtained the produce; or 
( b) the cocoa concerned consisted of sweepings from a place 
of storage and that there was no intention to sell or other¬ 
wise deal in the same. 

Provided further that any previous grading or certification by an 
Inspector of such cocoa shall not be a defence. 

26. Unauthorised possession of seals or placing of grade-marks 
prohibited. Any person, other than an Inspector, who knowingly 
possesses any instrument or article which is capable of reproducing 
an impression or imprint of a grade-mark or seal or any colourable 
imitation thereof, or who knowingly possesses any seal or colour¬ 
able imitation thereof, other than a seal attached to a bag containing 
cocoa and sealed by an In spector, or who places on any bag con¬ 
taining cocoa any colourable imitation of a grade-mark or seal shall 
be guilty of an offence. 

27. Inspector shall comply with Regulations. An Inspector shall 
not inspect or grade cocoa or affix grade-marks or seals or issue any 
certificate except in accordance with the provisions of these Regula¬ 
tions and shall in respect of any contravention of such provisions, 
unless he acted to the best of his knowledge and belief and bona 
fide, be guilty of an offence. 

28. Remuneration for extra service. It shall be lawful for the Chief 
Inspector to pay from his departmental votes to officers who render 
services outside normal office hours, extra remuneration as set out 
in the Third Schedule to these Regulations. 

29. Penalties. (1) Any person who is guilty of an offence under the 
provision 5 of regulations 15, 19 and paragraph (d) of sub-regulation 
(1) of regulation 5 of these Regulations shall be liable on summary 
conviction to a fine not exceeding ten pounds or in default of 
payment to imprisonment not exceeding two months. 

(2) Any person who is guilty of an offence under the provisions 
of regulations 3, 18, 20, 25, 26, 27 and sub-regulation (2) of regula¬ 
tion 5 shall be liable on summary conviction to a fine not exceeding 

one hundred pounds or in default of payment to imprisonment not 
exceeding six months. 

.. 30 - proceedings. (1) No prosecution for any offence under 
inese Regulations shall be instituted without the consent in writing 
the Chief Inspector or an officer authorised by him in that behalfi 

T 



274 


Appendix IX 

(2) A prosecution for any offence under these Regulations may 
be instituted and conducted in the same way as any prosecution for 
a criminal offence, or may be instituted in the name of the Chief 
Inspector, and shall be deemed to have been commenced with his 
consent. 

31. Revocation of Regulations. L.N. 269/53. The Cocoa Industry 
Regulations are hereby revoked. 
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REGULATIONS REFERRING TO COCOA IN NIGERIA 

MADE UNDER THE PRODUCE INSPECTION ORDINANCE, 1950 (No 24 

of 1950) 

In exercise of the powers conferred upon the Produce Inspection 
Board by section 8 of the Produce Inspection Ordinance, 1950, the 
following regulations are hereby made: 

1. Short title. These Regulations may be cited as the Cocoa 
(Inspection for Export) Regulations, 1951. 

2. Definitions. In these Regulations 

“adulteration” of cocoa means the admixture or combination 
together of a quantity of cocoa which is of such quality that it can 
be graded and passed for export as provided in regulation 3 of 
these Regulations with any of the following: 

(a) a quantity of cocoa which is of such quality that it cannot be 
graded as provided in regulation 3 of these Regulations by 
reason of the fact that it is wet or damp, or that it contains 
nfteen per centum or more, of mouldy, weevily, decayed or 
flat beans, or twenty per centum or more of defective beans; 

(b) a quantity of cocoa consisting of or containing either velvety 
beans, black beans, smoky beans or obviously rotten beans: 

(c) any substance, matter or thing, whether deleterious or not, solid 
or liquid, or partly solid and partly liquid, which is foreign or 
superfluous; 

defective” applied to cocoa beans, means and includes all 
mouldy, weevily, decayed, germinated and flat beans; 

1950 ° rdmance ” means the Produce Inspection Ordinance, 


INSPECTION AND GRADING OF COCOA 

the C° coa b e graded in accordance with 

w grades prescribed from time to time by the Nigeria Cocoa 

Cocm M® f° ard d accordance with the provisions of the Nigeria 
Cocoa Marketing Board Ordinance. 6 

deLLiTw F r° r PU uT°f S ° f these regulations cocoa shall be 

the bilv f ee / r K m Ck f Vdvet y fc eans if after examination 

Z e WdrH bCanS 3re f0 “ d to be not “ore than three per 
nine hundred beans m any representative sample; and to be free 

27 5 
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from stones if after examination such stones do not in the aggregate 
exceed half an ounce in weight in any one bag. 

5. Inspection. (1) For the purposes of inspection a parcel of cocoa 
shall be spread out on a clean tarpaulin or on some clean firm 
cemented surface, but not on the ground, so that all the beans can 
be inspected and representative samples taken without difficulty and 
in any case shall not exceed the contents of one hundred bags. 

(2) From any such parcel an examiner shall take indiscriminately 
a representative average sample from which he shall draw a further 
sample of twenty ounces and from this a final sample of three 
hundred beans. All germinated beans in this final sample shall then 
be counted, after which all the beans shall be cut in half and exam¬ 
ined. If the results of the examination show that the parcel can be 
graded as provided in regulation 3 of these Regulations, the parcel 
shall forthwith be graded. 

(3) The examiner shall complete the testing, passing, sewing and 
sealing of each separate parcel before commencing to examine 
another parcel. 

6. Sifting. Before the cocoa is placed in bags the storekeeper shall 
ensure that 

(a) cocoa, other than Light Cocoa, which has been graded is at 
once thoroughly riddled with a sieve having a mesh of seven- 
sixteenths of an inch, and 

(b) Light Cocoa which has been graded is at once riddled with a 
sieve having a mesh not less than five-sixteenths of an inch. 

7. Packing. Cocoa which has been inspected, graded and riddled, 
as provided in regulation 6 of these Regulations, shall at once be 
bagged in sound dry bags having no holes. The bags shall be sewn 
up at once without lugs by means of lock-stitches, placed not more 
than one inch apart. The twine used shall be strong and continuous 
with the ends so disposed that no knots are accessible and that the 
ends can be securely sealed. 

8. Parcel number. Commencing on Friday in each week each 
parcel of cocoa passed and graded in each registered produce store 
shall be numbered serially and consecutively, commencing with 
number one upwards. Such number shall be known as the parcel 
number and shall be clearly stencilled on each bag comprising that 
parcel. The parcel number shall be not less than three inches and 
not more than four inches high, and the lettering of each digit shall 
not be less than three-quarters of an inch wide. Such parcel number 
shall be stencilled on the bag immediately beneath the grade marks. 

9. Sealing. The examiner who graded cocoa as above shall verify 
that each bag has been securely sewn, shall seal each bag with a seal 
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or seals each bearing the design as prescribed in the Schedule hereto 
and also the steel seal press number officially allotted to such 
examiner, legibly impressed, and shall ensure that each bag is cor¬ 
rectly marked with the parcel number and stamped correctly accord¬ 
ing to the grade of the cocoa therein contained and to the week of 
grading as prescribed in the said Schedule. 

10. Storage. The storekeeper shall ensure that bass of cocoa which 
have been sealed and stamped as above are forthwith stored on a 
wooden platform or on such dunnage as may be considered suitable 
and adequate by a produce officer, assistant produce officer or exam¬ 
iner, in such a manner that no part of any bag shall come into 
contact with the floor of the store, that a space of at least three feet 
is left between the stacked bags of cocoa and the walls of the store 
and that the bags of cocoa are stacked in such a manner that they 
can be counted without difficulty. y 

U. Destruction of siftings, etc. As soon as cocoa has been in¬ 
spected, and whether such cocoa has been graded or not, the store¬ 
keeper shall ensure that all cut, smoky, defective and/or velvety 

"2“ and aH other extraneous matter removed in the course 

rlw P ^ ^ P ing ’ cutt,n S and sifting are removed from the 
registered produce store and as far as possible destroyed. 
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THE COCOA ASSOCIATION OF LONDON LTD. 


Official Contract for West African Cocoa 
Cost, Freight and Insurance (Shipping Weights) 


London, 19 

C.A.L. 

Messrs. Form A. 11 

We have this day 

upon the terms of this contract and in accordance with the 
Rules, Regulations and Bye-laws of the Cocoa Association of 
London Limited 


Quantity 


Description 

Price 

Terms and 
Destination 

Insurance 


1. tons of 
2,240 lb. (1,015 kilos) (3 per cent more or less) shipping 
weights in bags. 

2 . 

3. At per 

shipping weights 

4. Cost, freight and insurance, to 

5. Marine Insurance shall be covered by sellers at the price 
of this contract with Lloyd’s and/or first class Under¬ 
writers and/or first class Insurance Companies, for whose 
solvency sellers are not to be responsible, on the terms of 
and according to the Institute of London Underwriters 
Cargo Clauses (Extended cover), with Particular Average 
(warehouse to warehouse) including theft, pilferage,short 
and non-delivery, shipowners’ liability, and loss or dam- 
age by freshwater, oil, other cargo, sweat, hookhole and 
other loss or damage however arising, whether by perils 
of the sea or otherwise, all irrespective of percentage, 
including war, riots, strikes and civil commotions as per 
Institute War Clauses and Strike Clauses (Extended 

278 


Shipment 


Advice of 
Shipment 


Quality 


Weights 
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cover), current and available at time of shipment. Should 
the War Risk insurance premium exceed ten shillings per 
cent the excess shall be for account of the Buyer. 

6. To be shipped per steamer or steamers (in all cases the 
word “steamer” is understood to include any fully 
powered primarily engine driven vessel) during 

from West Africa direct and/or indirect, with or without 
transhipment at sellers’ option. 

Each Bill of Lading from origin shall be treated as a 
separate contract. 

Received on board Bills of Lading shall be considered 
proof of shipment. 

7. After shipment has been effected Sellers shall declare to 
Buyers with due despatch the name of the steamer, marks 
and the quantity shipped. Should Sellers fail to declare 
with due despatch Buyers shall not for that reason be 
entitled to reject but any extra expenses incurred thereby 
shall be borne by Sellers responsible for the delay. Sellers 
shall be entitled to declare a shipment against Contract 
ship lost or not lost. Declarations of shipment made on 
cable or radio advices shall be subject to errors of cable 
or radio transmission companies only. 

8. Quality on arrival to be if 

inferior thereto a fair allowance to be made, in case of 
need to be settled by arbitration in London. 

Samples from not less than 30 per cent of the sound bags 
only weighing approximately not less than 2 kilos or 
4 lb., shall be drawn and sealed promptly at the time of 
discharge in accordance with Clause 10. 

Buyers shall notify Sellers of any claim for inferiority 
of quality within 28 days of the final day of landing and 
arbitrations must be held within eight weeks. At time of 
making the claim Buyers shall send one sealed sample 
with full particulars to The Cocoa Association of London 
Ltd., 84 Leadenhall Street, London, E.C.3., and a dupli¬ 
cate of the sealed sample to Sellers. 

9. Invoice to be established on shipping weights, 142£ lb. 
gross and 140 lb. net per bag. All charges incurred in 
landing, weighing and sampling shall be paid by Buyers. 
Official weights and tares shall be taken at port of des¬ 
tination promptly in accordance with the custom of the 
port. 

Any loss in weight exceeding 11 per cent calculated on the 
nett weight of the sound and full bags delivered, but 
applied to the whole parcel, shall be borne by Sellers. 
Claims for excess loss in weight shall be submitted to 
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Sellers within 28 days of the final day of landing and shall 
be accompanied by certified official weights and tares. 

Super- 10. Sellers may appoint a representative to supervise weigh- 

vision ing and sampling and must inform Buyers the name of 

such representative before arrival of steamer at port of 
discharge, but should they not name their representative 
or should their representative fail to be present after 
having received due notice of time and place of weighing 
and sampling, weights certified and samples sealed by 
sworn weighers and samplers and provided by Buyers 
shall be accepted by Sellers. Should Buyers fail to notify 
Sellers’ representative in accordance with this clause, 
shipping weights shall be accepted and no quality claim 
shall be admitted. 

Force 11. Should shipments be prevented or delayed owing to pro- 

Majeure hibition of exports, loading port or ports being officially 

declared in quarantine, fire, strikes, lockouts, hold-ups, 
riots, war, revolution, or any other cause beyond Sellers’ 
control, the period of shipment shall be extended by three 
months, but should the delay exceed three months, the 
contract shall be cancelled for any quantity not shipped. 

Payment 12. Payment to be made by cash in for 

100 per cent of the invoice amount against presentation 
and in exchange for shipping documents which shall com¬ 
prise complete set on board Bills of Lading and/or Ship’s 
Delivery Order and Certificate of Insurance. Buyers shall 
accept approved letter of guarantee for any documents 
which may be missing at time of presentation. In the 
event of the steamer becoming a casualty, payment shall 
be made by Buyers for full invoice value against shipping 
documents on presentation. 

Arbitration 13. Any dispute arising out of this contract shall be settled 

by Arbitration in London as provided for by the rules, 
regulations, and bye-laws of the Cocoa Association of 
London Limited, whether endorsed hereon or not, of 
which both parties hereto shall be deemed to be cognisant. 

Confirmation of Contract for West African Cocoa on Cost, 
Freight and Insurance Terms—Payment on Presentation of 
Documents -Shipping Weights 

The Cocoa Association of London Ltd. 

C.A.L. 

Form A.l 1 


PLEASE RETURN THIS SLIP 
AFTER SIGNING 
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Cocoa Association of London , Official Contract 
To Messrs. 

I 

-hereby acknowledge and confirm your Contract No 

We 

dated f or 

at per 

for shipment to 
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Personal and documentary authorities quoted in the text have been omitted 
from this Index when they are mentioned in the References at the end of chapters. 

, Amelonado: importance of, to manu- 


Accommodation for plantation staff, 
62 

Achras sapota: as windbreak, 117 
Acidity. See Soils 
Acioa spp.: poor shade tree, 115 
Acrocercops cramerella (cocoa moth), 
160 

Adaptability of cocoa tree, 18 
Adoretus beetles, 159 
Adoxophytes fasciculana, 160 
Aeration: of cuttings, 95; of beans, 129 
Africa, Central: capsids in, 156. See 
also Congo 

Africa, West. See West Africa, also 
under individual countries 
After-care of new plantings, 99 ff., 118 
Afzelia africana, 37 
Agaric, Honey, 175 
Age distribution of trees, 203 
Agral spray, 179 

Agriculture, Departments of: services 
by, 61, 150 ff., 200, 223. See also 
under Ceylon; Ghana; Malaya; 
Nigeria; Papua and New Guinea 
Agriculture, Tropical, Imp. Coll, of 
(Trinidad). See Imperial 
Akokoaso (Ghana), 236 
Albizzia spp.: as shade trees, 106-9; 

A. ealensis: effect on yield, 114 
“Albolineum” spray, 179 
“Aldrin” insecticide, 154 
Algal disease, 174 

Alkalinity: detrimental in raising 
cuttings, 70, 93. See also Soils 
Allanblackia floribunda : poor shade 
tree, 115 
Alluvial soils, 35 

Alstonia congensis: as shade tree, 115 
Altitude: effect on growth, 20; suit¬ 
able for cocoa-growing, 22 
Amazonian Basin, Upper: origin of 
cocoa in, 7 

Amazonian types: 15, 16; self-polli¬ 
nated, yield from, 85, 127; shaping 
and pruning, 121; introduction to 
West Africa, 80, 81; to West Indies, 
186 


facturers, 2, 185, 186; flavour, 2, 
187; in Bahia, 2; in West Africa, 2, 
80, 184, 185, 187, 257, 260; shade 
experiments, 56, 58; yield from, 58, 
85, 127; Amazonian hybrids, 81; 
shaping and pruning, 120; harvest¬ 
ing, 124; fermentation, 127, 129 ff. 
America, Central and South (see also 
under individual countries ): origin 
and early development of cocoa in, 
1,2,7; types of tree in, 9; consump¬ 
tion statistics, 4, 211, 214, 220; 
nomenclature, 14; Criollo in, 15, 16; 
establishing young cocoa, 65; pests 
and diseases, 157, 160, 167, 169, 
172, 173 

Americas, the (see also under America 
Central and South; Canada; U.S.A. 
and other individual countries): 
history of cocoa-growing in, 2, 193, 
197; shell percentage, 193; age dis¬ 
tribution of trees in, 203; produc¬ 
tion statistics, 209; consumption 
statistics, 211, 214, 220; demand for 
“flavour” cocoa, 2, 186, 187 
Ammonia: phosphate of, 56 ff.; sul¬ 
phate of, 49, 50,51,55,93, 103,245, 
247 

Anarcardium occidentals as wind¬ 
break, 117 

Animal pests, 12, 162 ff. 

Annonidium manii : host for Sahlber- 
gella, 114; poor shade tree, 115 
Anthracnose (fungus), 172 
Ants, 158 ff., 164 

Aphides : pollination by, 12; as pest, 
158 ff.; as disease vector, 159. Aphis 
gossypii: in Fiji, 159 
Araecerus fasciculatus: as pest of 
stored cocoa, 191 
Arboricides, 66 

Argentine: consumption in, 211 
Armiliaria mellea, 175 
Arsinette spray for beetle control. 
179 

Artificial shade, 55, 113; drying, 133 
Ashanti: planting in, 202, 240. See 
also Ghana 
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Asia: introduction of cocoa to, 1; in¬ 
troduction of Criollo, 186; produc¬ 
tion statistics, 4, 210; consumption, 
212. See also Ceylon; Malaya; 
Oceania 

Assam: soil cultivation on tea estates 
in, 46 

Association, Cocoa, of London, 220; 

official form of contract, 278 
Atta cephalotes (ants), 159 
Auction: sale of cocoa by, 219 
Auger: use of in soil assessment, 61 
Australia: consumption in, 212 
Australian New Guinea. See Papua 
and New Guinea 
Austria: consumption in, 212 
Ayensu Basin: soil in, 42 
Azteca paraensis var. bondari, 158; A. 
chartifex , 158 


B 

Bacteria: in soil, 38 

Bags and liners, plastic (polythene): 

use in propagation, 87, 94 ff., 140 
Bahia: planting in, by liberated slaves, 
2; production in, 2; meteorological 
data, 24; drying methods, 136-7; 
standard weight of bagged cocoa, 
142; pests in, 163, 168-9; Amelon- 
ado in, 184. See also Brazil 
Bamboo: pots for cuttings, 70, 71; 
slatted, for shading cuttings, 93, 
247 

Banana: as shade tree, 75, 90; leaves 
in propagating, 95; in fermentation, 
129; as cash crop, 149 
Barbados almond: as windbreak, 117 
Bark: damage by pests, 159 
Barteria fislulozi (incompatible tree), 
115 

Basket planting, 70, 72, 89, 93, 95 ff., 
100 

Battery propagating, 247 
Beans, cocoa: fat content of, 194 ff.; 
sizes, 193; definition of good, 194. 
See also Drying; Fermentation; 
Germination; Harvesting; Prepara¬ 
tion; Storage 

Beds: open spray, 248. See also 
Nurseries 

Beetles: 119, 159 ff.; control of, 179 
Belgium: consumption, 212 
Belmonte (Bahia): drying-house at, 
137 

BHC (insecticide), 154-5 
Bignoniaceae, 50 

Bins, propagating, 89, 93 ff., 97, 247 


Biological control of pests, 151, 164 

Birds as pests, 163 

Black pod disease, 104, 150, 165 ff.; 

control of, 104, 179 
Black root disease, 175 
Blights, thread, 173 
Boards, Marketing, 221, 247; (Trini¬ 
dad) on manures, 51 
Bolivia: production statistics, 209 
Bombacaceae, 114, 164 
Bordeaux Mixture, 92, 158, 167-8, 
173; preparation of, 263 
Borers: cocoa pod, 160; weevil, 162 
Borneo, North: suitability for cocoa- 
growing, 201, 

Bosqueai angolensis: host for pests, 

114 

Botany of cocoa, 7 ff. 

Botryodiplodia , 86 
Bougainville: production in, 201 
Bournville, research at: on fermenta¬ 
tion, 126, 257; experimental drier, 
137, 139; definition of quality, 194 
Boxes. See Fermentation; Propagation 
Branching: types of, 9 
Brazil (see also Bahia): planting in, by 
liberated slaves, 2; production, 4, 
8, 201, 206, 209, 215, 219; planting 
material supplied to Africa, 8; pol¬ 
lination by midges in, 11 n.; nomen¬ 
clature, 14; Forastero in, 14, 15; 
meteorological data, 27-30; drying 
methods, 136; pests in, 157 f., 165-6, 
168-9; quality 187; consumption 
statistics, 211; cocoa processed in, 
213; marketing, 221 
Breeding, 81 ff., 126 
British: development of planting in¬ 
dustry by, 1 

Brown pod. See Black pod 
Bryocoropsis laticollis (capsid), 152, 
156 

Budding, 88-90, 94, 96-7 
Burning. See Forest 
Butter, cocoa: uses of, 1,2; substitutes, 
3. See also Fermentation 
Biittner Drier, 133 
Buying Agents, 221 

C 

Cacao Centre, Inter-American (Tur- 
rialba), 85 

Cacao Nacional (Ecuador), 13, 14,15; 

incidence of disease, 171, 173 
Cadbury Brothers, Ltd. See Bourn¬ 
ville 

Caffeine, 3 
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Cajanus cajart (pigeon peas): ten¬ 
dency to cause pink disease where 
used as shade, 173 
Calcium. See Soil and Manuring 
Calloncoba glatica , C. Welwithii 
(poor shade trees), 115 
Caloneclria rigidiuscula (fungus), 153 
Calophyllum antillanum (galba): as 
windbreak, 117 

Calostilbe striispora (fungus), 107 
Cameroons: drying methods, 136-7, 
141; pests and diseases in, 167, 173, 
175, 177; production in, 197, 201, 
209; marketing, 221 
Canada: consumption in, 211, 214 
Cankers, 166 (T. 

Canopy: value in excluding capsids. 

Capsids: Criollo subject to attacks 
by, 80; excluded by canopy, 112, 
120; in West Africa, 151 ff.; else¬ 
where, 156 ff. 

Carapa guianensis, 128 
Carbide Bordeaux, 167. See also Bor- 
^ deaux Mixture 

Caribbean. See West Indies, Trinidad, 
etc. 

Cashew nut: as windbreak, 117 
Ceiba pentandra : as host for pests, 
114; incompatible as shade, 115 
Celtis mildbraedii : incompatible as 
shade,114 

Central Africa. See Africa 
Central America. See America, Cen¬ 
tral and South 
Cerambycidae (beetles), 160 
Ceratocystis fimbriata, 173 
Ceratopogonidae (midges), II n., 12 
Ceratostomella wilt, 172-3 
Ceylon: Criollo in, 14, 16, 186; Trini- 
tano in, 16; Sickle-leaf disease in, 
42; cultivation in, 43, 119; manur¬ 
ing in, 47, 51 f.; spacing trees, 75; 
planting material, 85; Dept, of 
Agric., 85; planting with rubber, 
106; shade management, 107; dry¬ 
ing, 136; standard weight of bags 

?£o be , a ^ S ’ in - 151 * 156 > 

159, 162, 163; canker in, 167; de- 
fohatjem, 177; washing cocoa in, 

Characoma stictograpta (cocoa pod 
borer), 160 

Chemicals: as factors in soil, 34, 35; 

use of, in removing forest, 66 
Cherelles: effect on, of witches’ 
broom disease, 169 
Chlorophora excelsa: effect on soil. 


37; wood used for fermenting- 
boxes, 128 
Chlorosis, 35, 93 

Chocolate: as article of diet and com¬ 
merce, 1; manufacturing processes, 
2; milk, 2, 3; flavour, 79; confec¬ 
tionery output, 207 
Chrysomelidae (beetles), 159 
Chula drier, 133 

Chupons, 9, 120 ff.; removal of, 121 
Classification. See Nomenclature 
Clay. See Soil 

Cleanliness: importance of in prepara¬ 
tion, 130 

Clearing forest (bush), 65 
Climate suitable for cocoa-growing, 
18 

Climatology. See Meteorological data 
Clonal trials, 81 ff. 

Clones, 49 ff, 81 ff.; thrip-resistant, 
158 

Cloves: as windbreak, 117 
Cocoa: as article of diet and com¬ 
merce, 1; manufacturing processes, 
2; products, 2; confectionery, 207 
Cocoa Association of London, 220; 

contract forms, 278 
Cocoa butter. See Butter 
Cocoa, Chocolate and Confectionery 
Alliance: standards of preparation 
and quality, 187 

Cocoa Conference, London, 11 n., 18, 
40, 52, 81, 93, 110. See also Refer¬ 
ences at ends of chapters 
Cocoa moth (Acrocercops cramerella ), 

160 

Cocoa pod borer, 160 
Cocoa shell, 3 

Coconut fibre: use in propagation. 

Coconuts: interplanting, 106 
Coco-yams: as ground shade, 37 
Coffee: yield of under shade, 103 
Cola spp.: hosts for pests, 114, 160; 

incompatible shade tree, 115 
“Collar crack”, 175; rot, 176 
Colletotrichum : as cause of pod 
decay, 87 

Colocasia spp. (shade tree), 101 

in, 15; hybrid with 
Trimtario, 16; pests in, 169, 172-3, 
175, 176; production, 209; con¬ 
sumption, 211, 214; cocoa pro¬ 
cessed m, 213 

Communications, on plantations, 
62 

Compost. See Manuring 
Confectionery, chocolate: output, 207 
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Congo (see also Lukolela): manuring, 
52, 55; clearing bush, 64; spacing 
trees, 73, 75; coffee under shade, 
yield of, 103; trees used for shade, 
107, 113 f.; use of shade, 110 ff.; 
fermentation processes, 128; dry¬ 
ing, 133-4; production, 151; in¬ 
crease in, 201; statistics, 209 
Congo Beige, Huileries de. See 
Congo 

Consumer: effect of changes of habit, 
216 

Consumption statistics, 4, 41,211-12, 
214 ff. 

Controls. See Manuring; Pests; Shade 
Copper sprays, 72 

Copra: not to be dried in same equip¬ 
ment as cocoa, 141 
Corticium salmonicolor (pink disease), 
173 

Corticium spp. (thread blights), 174 
Costa Rica: pollination in, 11 n.; 
meteorological data, 27 ff.; plant¬ 
ing material, source of, 85; pests in, 

166, 172, 177; new planting in, 201; 
production statistics, 209 

Costs of production, 5, 225 ff. See 
also Labour 

Cotyledons: deterioration in pod, 178. 

See also Fermentation 
Cremotogaster spp. (ants), 158, 164 
Criollo types, 7, 13, 14, 15, 16, 80, 
131; susceptibility to disease, 80, 

167, 173; deterioration in pod, 178, 
186; flavour, 186-7 

Crotolaria spp.: as mulch, 48; as shade 
trees, 101; C. anagyroides, 101, 
108-9 

Croton mubango (shade tree), 115 
Cuba: production, 210 
Cultivation: benefits of, 43 ff. 
“Cuprinol”, 72; “Cuprotect”, 72 
Cushion gall, 176 

Cuttings: producing and raising, 88 ff.; 
for grafting, 97; from fan growth, 
122 

Czechoslovakia: consumption in, 212 

D 

Dadap (Erythrina lithosperma ): as 
ground cover, 40, 101, 107 
Dasyscapus parvipennis: parasite on 
thrips, 158 
DDT, 153, 159 

Denmark: consumption in, 212 
Densu Basin, Upper, 42 
Desmodium: as shade, 101 


Desplatzia dewevrii (poor shade tree), 
115 

Development of cocoa-growing. See 
Production 

Didimac: for control of thrips, 179 
Die-back. See Pests and diseases 
Dimorphism in branching, 9 
Diospyros spp. (poor shade tree), 
115 

Diplodia (fungus), 157; pod rot, 172 
Diseases. See Pests and diseases 
Distantiella theobroma (capsid), 151, 
153 

Dolichos spp.: as shade, 101 
Dominican Republic: production 
statistics, 210; consumption in, 211; 
cocoa processed in, 213 
Dracaena-, as windbreak, 117 
Drainage, 68, 118. See also Costs 
Driers, types of. See Drying 
Drying, 132 ff., 188 ff., 259 
Drypetes gossweileri (incompatible 
tree), 114 

Dutch: introduction of cocoa by, to 
Gulf of Guinea, 1; to S.E. Asia, 1; 
planting practice in Java, 70; New 
Guinea, 160; Surinam, 231 

E 

Eastern Province. See Ghana 
Ecology, 8. See also Soils 
Ecuador: production in, 7, 8, 209; 
native type of cocoa (Cacao; 
Nacional), 7 f., 13, 14, 15, 171; 
Amazonian Forastero, 15; capsids 
in, 157; witches’ broom in, 169; 
monilia disease, 171; disease re¬ 
sistance of Cacao Nacional, 171; 
borers, 173 

Elephant grass: in compost, 245 
England: introduction of milk choco¬ 
late in, 2 

Environment: importance of, 22 
Ephestia cautella (moth), 191 
Epicamtoptera spp.: as pest, 115 
Epiphytes, 158, 178 
Equipment. See Drying; Fermenta¬ 
tion; Plantations 
Erosion. See Soil 

Erythrina spp. ( glauca , l^osperma, 
poeppigiana, etc.), 40, 48, 75, oy, 
101, 107, 109 

Estates. See Costing; Plantations 
Eugenia aromatica : as windbreak, 
117 

Euphorus sahlbergella (parasite), 
153 
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European countries: introduction of 
cocoa to, 1; manufacturers and 
price of cocoa, 5; consumption in, 
211-12, 214 

F 

Fagara macrophylla (shade tree), 115 
"Fair fermented”, 195 
Family Food Crops, 236 
Fan branching, 8; growth, 122; de¬ 
foliation of, 177; cuttings from, 248 
Farmland vegetation, 44 ff. 

Felling, 64 ff., 76 

Fermentation, 125 ff.; to obtain de¬ 
sirable quality, 188; research at 
Bournville, 257 ff. 

Fernando Po: drying methods, 133; 

spraying, 168 
“Femasan”, 87 

Ferrisia virgata (mealy bug), 163 
Fertility. See Soil 

Fertilizers (soil), see Manures; fer¬ 
tilization of flowers, see Pollination 
Ficus spp.: as shade trees, 113, 115 
Fiji: pests in, 159-60 
“Fine” cocoa, 13-14, 187 
Flavour, 187; acquisition of extran¬ 
eous, 188 

“Flavour” cocoas: premium for, 2; 
Java,187 

Flemingia: as shade, 113 
Florida, citrus soils of, 42 
Flowers, 10, 11 ff., 11 n. 

“Flushes”, 9, 103 

Pomes lignosus (white root disease), 176 
Food crops, 236 

Forastero, 13 ff., 180; Amazonian, 
15 ff.; fermenting of, 129; canker, 
167; in manufacture, 185-6 
Forciponiyia spp. (midges), 11 n., 12 
Forest: soil, 36 ft'., 40 ff; treatment of 
in West Africa, 37; effects of remov¬ 
ing and burning, 38, 64 ff.; vegeta¬ 
tion, 44 ff.; chemical treatment, 66; 
thinning, 106; value of trees, 113; 
fauna, see Animal pests 
France: consumption in, 211, 220 
French: early development of plant¬ 
ing by, 1 

French Cameroons, see Cameroons; 

Ivop' Coast, see Ivory Coast; Togo- 
M land, see Togoland 
Friend” spraying machine, 168 
Fungj: beneficial in soil, 38 
Fungicides, Fungus. See Pests and 
diseases 

Fusarium (cause of pod decay), 87 


G 

Gammalin spray, 154-5, 177 
Gangoa (Ivory Coast), 121 
Gazelle Peninsula (Papua-New 
Guinea): increases of planting in, 
201 

Germans: introduction of cocoa to S. 
Pacific, 1 

Germany: consumption in, 211, 221 
Germinated beans: vulnerable to 
moulds, 189-90 

Ghana (see also West Africa): pro¬ 
duction in, 2, 8; pollination by 
midges, 11 n.; climatic conditions, 
19, 20, 23, 27 ff.; losses through ig¬ 
norance of environment, 22; soil, 
33, 39, 40 ff., 58; shade experi¬ 
ments, 56; removing forest, 66; 
planting methods, 77; selection and 
plant breeding, 80, 85; fermentation 
experiments, 125; pests, 151 ff, 159, 
160, 162, 174; bag weights, 142; 
grubby cocoa, 191; production 
statistics, 193, 197 ff, 209; further 
planting in, 200, 201 ff.; age dis¬ 
tribution of trees, 203; new plant¬ 
ings in, 205, 223; cocoa processed 
in, 213; crop forecasts, 215; Mar¬ 
keting Board, 221; grants for re¬ 
search, 223; soil survey, 223; costs 
under peasant culture, 235 ff; regu¬ 
lations, 265 
Gleichenia spp., 41 

Glenea novemguttata (beetle), 161; 
G. aluensis, 161 

Gliricidia spp. (shade tree), 48, 55, 58, 
69, 89, 101 

Gleosporium (anthracnose), 156, 172 
Glossary, 282 
Gold Coast. See Ghana 
Grading, 186, 188, 266 ff, 275 
Grafting, 97 

Grass: an indication of insufficient 
shade, 105 
Gravel. See Soils 

Grenada: cultivation in, 43, 47, 51, 
104, 119; bag weights, 142; pests, 
162, 169; production statistics, 210 
Ground cover, 101 

Growing cocoa. See Plantations; Pro¬ 
duction 

Growth, habit of, 8 
Grubby beans, 191 

Guianas, the: witches’ broom in, 169 
Guinea, Gulf of: introduction of cocoa 
to, 1, 2 

Guinea, New. See Papua-New Guinea 
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H 

Habit of growth, 8 flf. 

Habitat, natural, 8 

Haiti: production statistics, 210 

Harvesting, 124 

Hawaii: cotyledon deterioration, 178 
Heleid midges: pollination by, 11 n. 
Helopeltis sp. (capsid), 152, 156 
Hibiscus: as windbreak, 117 
Hieronyma caribaea (wood for fer- 
menting-boxes), 128 
History of cocoa production, 1, 7 
Holing, 76. See also Costing 
Holland. See Dutch; Netherlands 
Hormones: as arboricide, 66; rooting, 
91 fT., 249 

Humidity: air, 18, 20, (tables) 23-6, 
28, 111; soil. 111; humidifiers, 

247 ff. 

Hungary: consumption statistics, 212 
Hybrids, hybridization, 16, 80-6 


Immortelle shade trees, 50, 102 
Imperial College of Tropical Agricul¬ 
ture (Trinidad): meteorological 
data, 27 ff.; research at: on soil, 35; 
on cultivation, 43; on manuring, 
48, 49; on hybridization, 79 ff.; on 
propagation, 94 ( see also Refer¬ 
ences at ends of chapters); planting 
material from, 79 ff. 

Indies, West. See West Indies 
Indonesia: Forastero cocoa in, 14; 
shading methods in, 108; produc¬ 
tion statistics, 210 
Inga spp.: as shade, 89 
Insects: pollination by, 11, 11 n. See 
also Pests and diseases 
Inspection, 265 ff., 275 ff. 
Inter-American Institute (Turrialba): 
source of planting material, 85; 
rehabilitation, 148 
Ireland: consumption in, 212 
Isoberlinia seretii (incompatible tree), 
115 

Italy: consumption in, 211 
Ivory Coast: shaping and pruning in, 
121; pests in, 151; production sta¬ 
tistics, 197 ff.; further planting in, 
205; 

J 

Jamaica: tape for budding, 96 n.; pro¬ 
duction statistics, 210 


Java: pollination by midges, 11 n.; 
Venezuelan Criollo in, 14; Trini- 
tario, 16; effect of temperature on 
growth, 20; planting practice in, 70; 
pests in, 159, 161 ff.; bag weights, 
142; “flavour” cocoa from, 187 
Jorquettes, 8 ff., 120 

K 

Keravat (New Britain): supply of 
planting material, 85, 86 
Kew: quarantine, 86 
Kuala Lumpur, Kuala Trengganu 
(Malaya): rainfall, 25 
Kumba (Cameroons): land for ex¬ 
tension of planting, 201 

L 

Labour requirements and costs on 
plantations, 125, 149, 156, 225 ff., 
228 ff. 

Land use: previous to cocoa cultiva¬ 
tion, 39 

Lannea welwitchii (incompatible tree), 
114 

Lasioderma serricone (tobacco beetle), 
191 

Lasiohelea nana (pollinating midges), 
12 

Leaf-cuttings, 91, 251 
Leaves, description of, 9 
Lecithin: use in manufacture, 3 
Leguminous shade, 103, 105 
Leguminous and non-leguminous 
shade experiment, 50, 104 
Leo-Colibri sprayer, 155 
Leucacna spp. (shade tree), 105, 106 
107 - 9 

Light, 21. See also Shading; Sun¬ 
shine 

Lime. See Soils; Manuring 
Lindane (insecticide), 154 
Liners (polythene) for bags, 141 
Lining of trees, 75 f. . 

London Cocoa Association, bee 
Cocoa Association of London 
London Cocoa Conference. See 
Cocoa Conference 
Longicom beetles, 160 
Loranthaceae (mistletoe): as para¬ 
site, 179 • r II 

Lukolela Estates (Congo): rainfall, 
23; clearing forest, 65; shading 

practice, 110 ff.; fermentation and 

drying practice, 134; capsids, 156, 
plantation costs, 225, 228 
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Lycopodium spp. (soil indicator 
plants), 41 


M 

Macaranga spinosa (shade tree), 115 
Macrodesmis spp. (incompatible tree), 

Macrolobium cocruleum ; M. dewevrii 
(incompatible trees), 114, 115 
Madasgascar: Venezuelan Criollo in. 
14 

Mahogany, West Indian (windbreak). 

Maintenance of established estates 
229 

Malaya: rainfall, 25; manuring, 52, 
55; nursery work in, 72; shade ex¬ 
periments in, 106; pests and diseases 
in, 178; soil surveys, 201; produc¬ 
tion possibilities, 201 
Ma/lodon (beetles), 162 
Mangi/era indica (windbreak), 117 
Manufacture: processes, 2, 3, 216- 
products, 207 

Manufacturer: quality requirements 
of, 3, 185; concern with price, 4, 5 
Manuring, 47 ff. See also Soils; Costs 
Marasmius spp. (fungus), 10, 169, 174 
Marcotting, 97 

Marketing; Marketing Boards, 219 ff. 
Martin Drier, 135 

Maya Indians: first users of cocoa, 1 
Mealybugs, 158-9, 163 
Mealy pod, 171 
Mechanization in felling, 66 
Melastornaceae, 41 
Metabolism, regulation of, 112 
Meteorological data, 23 ff.. Ill 
Mexico: wild cocoa in, 7; types of 
cocoa, 7, 14—15; further planting 
possible, 201; age of trees, 203; pro¬ 
duction in, 109; consumption in, 
w- 1; .? 0 , C0a Processed in, 213 
Microbmlogical Research Institute, 

Micronette sprayer, 179 
Micro-organisms in soil, 38 
Midges, pollination by, II n . 

Milk chocolate, 2, 3 

Milletia versicolor (shade tree), 114 

Mineral manure, 48; nutrition, 112 . 

•See also Soils 

Mistletoes: as parasites, 178 
Mokana: shade trees at, 115 
Monalonion spp. (capsids), 157 
Mom ha ( roreri ) disease, 171 
Monkeys: as pests, 12, 162 
U 


Monohammus (beetle), 162 
Moss, 179 

Moth, cocoa ( Acrocercops ), 160; other, 
159 ff, 191 

Motoblo sprayer, 155, 179 
Moulds. See Pests and diseases 
Mouldy beans, 188 ff. 

Mulch. See Manuring 
Mulinu’u (Samoa): meteorological 
data, 26 

Musanga smithii (secondary shade), 
106, 115 

Myrianthus arboreus (incompatible 
tree), 114-15 
Mysto sprayer, 66, 155 


N 

Netherlands: consumption in, 211, 
220. See also Dutch 

New Britain: meteorological data, 25; 
supply of planting material, 85; 
further planting, 201 

New Guinea. See Papua and New 
Guinea 

New Hebrides: pests and diseases in, 
160, 162, 167, 176; production 
statistics, 210 

New Zealand Reparation Estates, 
104, 135 

Nicaragua, 176 f. 

Nigeria: major producing country 2- 
insect pollination, 11 n.; raising and 
supply of planting material, 85; 
bag weights, 142; pests and diseases, 
5 . 165 ff, 177, 191; “mid-crop”, 
iy3; production statistics, 197-209- 
new planting in, 205; marketing 
board, 221; production costs, 242- 

Soo?275 provinces * 243: regula- 

Nitrogen. See Soils; Manuring 

Noctuid moths, 160 

Nomenclature of cocoa, 14 

N °™ay: consumption of f aw cocoa, 

NPK fertilizers, 90 

Nurseries, 69 ff., 89, 99, 246 ff. 

ToToSl Manuring 22 ’ 1,1 ** 


o 

Oceania, production in, 4 
Ochrosols, 40, 41 ff 
Ordinary" type, 14 ff. 

Organic matter: as manure, 47, 48- 
nutrition, 112 ’ 
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Orinoco Valley: Trinitario cocoa in, 16 
Outlook for planter, 5 
Output: age distribution in relation 
to, 203 

Overheads. See Costs 
Oxysols, 40, 41 If. 

P 

Pacific, South. See Samoa, also Papua 
and New Guinea 

Panama: cushion gall in, 176; pro¬ 
duction statistics, 209 
Panda oleosa (poor shade), 115 
Pansepta teleturga (moth), 159 
Pantorhytes pint us (weevil borer), 162 
Papua and New Guinea: introduction 
of cocoa to, 1; planting practice, 
75; Department of Agriculture, etc., 
85; planting material, 85, 86; shade 
105, 106, 108; pests and diseases in, 
151, 156-7, 159, 162, 173-5, 177; 
smallholders’ production in, 200; 
production statistics, 210; costs and 
returns, 233 

Parabryocoropsis (pest), 156 
Paraputo ritchei: vector for viruses, 
163 

Parasitic plants, 178 
Parrots: as pest, 163 
Peasant cultivation: in West Africa, 4, 
37, 60, 75, 102, 120; costs compared 
with estate production, 225, 235 
Peltophorum spp. (shade trees), 50, 
107 flf. 

Pentaclethra microp/iylla (incom¬ 
patible tree), 114 

Percnox: substitute for Bordeaux 
mixture, 167, 179 

Peru: wild cocoa in, 7; witches’ broom 
disease in, 169; production statis¬ 
tics, 209 

Pests and diseases, 4, 22, 150 f.; 
methods of control, 5, 112, 119, 
150 IT.; animals, 12; of shade trees, 
107 

Pheidole sp. (ants), 159 
Philippines, 178, 210 
Photosynthesis, 21 

Phygon (fungicide): solution, 87; 
spray, 167 

Phyllanthus discoidetis (shade tree), 
115 

Phytophthora (fungus), 86, 92, 119, 
165 AT., 172, 191 

Picnanthus kotnbo (shade tree), 115 
Pigeon peas, 173 
Pink disease, 173 


Pink Poui (shade tree), 50 
Piptadenia africana (incompatible 
tree), 114 

Plagiostyles africana (incompatible 
tree), 114 

Plantains, 61, 75, 90 
Plantations: early development of, 1, 
2; effect of prices on, 4; outlook, 5; 
establishment and maintenance of, 
60 ff.; rehabilitation of, 145 ff. See 
also Planting 
Planter: outlook for, 4, 5 
Planting: in the field, 5, 99 ff.; 
material, 5, 8, 79; in old plantation 
land, 67; seed, 70; preparation for, 
73; at stake, 77, 99; experience in 
Ghana, 77; material, sources of, 
85; from nursery beds, 99; in 
baskets, 96, 100 {see also Propaga¬ 
tion); review of development, 197; 
further possibilities of, 200; in¬ 
fluence on of price, 203; distances, 
244 {see also Spacing) 

Plant Protection Ltd., 167 
Plastic bags: for propagation, 94 
Platypus spp. (borers), 173 
Poland: consumption of raw cocoa, 
212 

Pollination: by insects, 11,11 n.; self-, 
81 

Polythene liners and bags, 140 ff. 
Portugal: consumption of raw cocoa, 
212 

Portuguese: introduction of cocoa to 
Gulf of Guinea by, 1, 2. See also 
S3o Tom6 and Principe 
Potassium. See Soils; Manuring 
Potted cuttings, 88 ff. 

Potting mixture, 92-3, 225 
Poui, pink (shade tree), 50 
Price, producer: influence on plant¬ 
ing, 203 
Prices, 4 f. 

Principe. See SSo Tomd 
Produce regulations, 194 
Production: world, 197; statistics, 4, 
208 ff.; future, countries where 
possible, 197 ff.; influence of price 
on, 203; factors affecting, 204 
Propagating stations: construction of, 
252 ff.; cost of materials, 252 ff. 
Propagation: vegetative, 88 ff.; in 
plastic bags, 94; budding, 96; mar- 
cotting, 97; grafting, 97; notes on 
(Trinidad and Tobago, Cocoa 
Board of), 246 
Propagators: types of, 247 
Pruning, 119 ff. 
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Pseudococcus spp. (mealy bugs), 
158—9 

Pseudodoniella (pest), 156 
Pseudospondias nncrocarpa: effect of 
as shade tree, 114 

Pterocarpus soyauxii (shade tree), 115 
Puereria spp. (shade tree), 101 
Puerto Rico: insect pollination, 1 1 n. 
Purple beans, 127 
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Quality of cocoa, 2, 13, 14, 185 ff. 
Quarantine, 86 

R 

Rabaul: meteorological data 25 
Rainfall, 19; statistics, 23 ff 
Rats: as pest, 12, 163 
Re 2 S u 5 Ialion s: produce, 194; Nigeria, 

Rehabilitation of soil, 39; of plan¬ 
tations, 145 ff. 

Rendzina: soil, 34 

Replanting, 148 

Resistant trees, 158 

Rhinona (shade-enduring plant), 38 

Kwnodendr-on a/ricanum (shade tree). 

River Estate, Trinidad: thrip-resistant 
clones, 158; beetle pests, 161 
Root diseases, 174 ff. 

Rooted cuttings, 88 ff.; at W.A.C.R.I., 

fr ° m fen growth, 122; prepara- 
tion of, 245, 246 ff. P 

RoseUmia spp. (root disease), 175 
Rubber: interplanting, 106 
Rubiaceae , 41 


^bergeUo spp. (capsids), 112 , 114 , 

£ rinidad): — 
Sales by the candle”, 219 
Samoa: introduction of cocoa to 1 • 
Venezuelan Forastero in, 14 ; West- 

Dadai et h?f° ° gI ? al <! ata « 26 * use of 
nisnfin before .Planting cocoa, 40; 

?rw VT£, pracllce * 75 : shade, 101 
104, fermentation practice, 131 • bae 

*«j r‘* 

$£ pJoducatn^'. S 

o duction statistics, 210 ’ P °' 

Samoan drier, 137 
Sampling, 195 


San Domingo: Forastero, 14 
Sandy soils, 35, 38, 42 
S3o Tome and Principe: drying cocoa, 
133; thrips in, 157, 197; disease in, 
175; production statistics, 197, 209 
Sapodilla: as windbreak, 117 
Sarcocephalus spp. (trees), 37 
Sawdust: use in compost, 245 
Scale insects, 158-9 
Seed, seedlings: planting, 69 f.; in 
baskets, 70; beds, 71; planting at 
stake, 77; multiplication from 
selected, 85; treatment for trans¬ 
port, 87 

Sejenothrips rubrocinctus (thrips), 1 57 
Shade: practice, 8; effect in tempera¬ 
ture, 20; relation to soil nutrients, 
2 I : ex Penmcnts in, 49, 50, 56, 57; 
effect of removal of, 58; for seed- 

Vn? s *2 9; different types compared, 
of 103 func,ions * ,02 » degree 

Shade trees: 21, 39; for nurseries, 69 
nursery for, 71; spacing of, 75 
types of, 105 ff.; management, 112; 
assessment va ^ ue forest trees, 

Sh ing n ?22 1, 9 in relation to spac- 

oK 1 'cocoa, 3; percentage, 192 ff. 
Shelter. See Shade; Windbreaks 
sickle-leaf disease: caused by lack of 
magnesium. 42, 52 
Sierra Leone: pests in, 151; produc- 
tion statistics, 209 
Single-leaf cuttings, 88, 91, 251 

series n 69 tKm ’ choice of > 601 of nur- 
Size of beans, 192 ff. 

Slatjness of beans, 194 
Sodium arsenite: for removing forest. 

Soils: in relation to shade, 21; to 

EV f J . cI ay. 34; of West 
0 / 35 ’ nn al, vy ,a *t 35; chemistry 
?anHv’ U 0 ’ ac,d > 35; alkaline, 35 
35; depth > 36; forest, 36 

rS n n , treeS ^ 37; fertility, 39 
rehabilitation, 39; assessment, 61- 

ftv . 67 ’ treatme Pt* 76; humid- 

Manuring SUrVeyS ’ 223 ' *• <*• 
Solenopsis sp. (ants), 158 
Soviet Union. See U.S.S.R. 

P S 8: 49 <P ??T ntS in - 49; d °« *• 

ff-i optimum, 73- of 
to, a ? 22 treCS> ?5; shaping in relation 
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Spain: consumption of raw cocoa in, 
21 1 

Spaniards: first to introduce cocoa to 
Europe, 1; development of planta¬ 
tions, 1; introduction of cocoa to 
Gulf of Guinea, 1, 2; to Mexico, 7; 
to Trinidad, 7 

Spanish (African) islands: introduc¬ 
tion of cocoa to, 2 
Spanish Guinea, 197; production 
statistics, 209 

Spraying, 153, 167; machines, 155— 
251; beds, 248 

S.P.R.O. Estate (Ivory Coast), 121 
Squirrels: as pests, 12, 163 
Standards set by importing countries, 
194 

Steirasloma breve (beetle), 84, 160 
Stem-cuttings, 88, 91 
Sterculiabecquaertii(Sahlbergella), 114 
Sterculiaceae spp.: suspect host for 
virus, 114, 164 

Storage: of plants, 92; of beans, 141 
Stored cocoa: pests of, 191 
Strombosia spp. (poor shade), 114,115 
Strombosiopsis spp. (poor shade), 115 
Substitutes for cocoa butter, 3 
Suckers. See Chupons 
Sun: effect of over-exposure of cut¬ 
tings to, 89 (see also Shading); 
statistics, 24-7 
Sun-drying of beans, 132 
Supply and demand forecasting, 215 
Surinam: planting material, 8, 88; 
drying, 133; thrips, 157; cushion 
gall in, 176; costs and returns, 231 
Sweden: consumption of raw cocoa 
in, 211 

Swietenia mahogani (windbreak), 117 
Swiss: introduction of milk chocolate 
by, 2 

Switzerland: consumption of raw 
cocoa in, 211 

Swollen shoot disease, 114 


T 

Tafo: meteorological data, 23, 27-30. 

See also W.A.C.R.I. 

Tannias: as shade, 101 
Temperature, 111. See also Meteoro¬ 
logical data 

Tephrosia: as organic manure, 48; T. 

Candida (shade tree), 108-9 
Terminal markets, 222 
Terminalia superba (shade tree?, 

113; T. catappa (windbreak), 117 . 

Termites, 162 


Theobroma spp., passim ; wild 7, 9 
Theobromine, 3 
Thread blights, 173 
Thrips, 157-8; control of, 179 
Timber, sale of, 65 
Tobacco beetle: in West Africa, 2, 191 
Tobago: witches’ broom in, 169. See 
also Trinidad 

Toxoptera coffeae (aphid), 159 
Trachysphaera fructigena (mealy pod), 
171 

Tragocephela (beetle), 162 
Trees. See Forest; Plantation; Shade; 
Windbreaks 

Trinidad (see also under Imperial 
College of Tropical Agriculture): 
Spanish planting of cocoa in, 7, 15; 
increase in production, 8; quality 
and flavour, 8; types of cocoa (see 
also Trinitario), 9, 80; insect polli¬ 
nation, 12; introduction of new 
types to Venezuela from, 13, 14, 16; 
to Ceylon and Java, 16; experi¬ 
mental work on light and shade, 21; 
meteorological data, 24, 27; soil, 
32; cultivation, 43; manuring ex¬ 
periments and practice, 47 ff.; nur¬ 
series, 72; planting practice, 75; 
collection and supply of planting 
material, 79 ff.; experiments in 
propagation, 88, 91, 94 ff.; graft¬ 
ing, 97; shade, 102, 105; protection 
from wind, 117; fermentation re¬ 
search, 125, 127, 129; bag weights, 
142; rehabilitation of plantations, 
145; revenue from plantations, 149; 
pest-resistant trees, 158; animal 
pests, 163; virus diseases, 163; 
canker, 166; witches’ broom, 169; 
premium for better cocoa, 186; 
breeding of high-yield tree, 20tf; 
propagation, notes on, 247 ff.; 
single-leaf cuttings, 251; efficiency 
of propagation, 255 
Trinitario: hybrids in Ghana, 80; 
hybridization experiments, 84; cul¬ 
tivation, 120; monilia disease 171 
“Trioxone” (hormone arboncide), 66 
Triplochiton scleroxylon (“Wawa ), 66 
Turrialba (Inter-American Cacao 
Centre): supply of planting 

material, 85; rehabilitation of old 
plantations, 148 

. .'? U 

Uapaca guineensis (incompatible tree), 

tiS 
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United Kingdom: consumption of 
raw cocoa in, 211, 216, 220 

United States: trends in manufacture, 
3 If.; manufacturers’ views on price, 
4; consumption of raw cocoa in, 
3 ff., 211, 216, 220, 221; marketing 
associations, 220 

Urea solution: use in fertilization, 25 

Uru?uca: meteorological data, 24, 
27 fT. 

U.S.S.R.: consumption of raw cocoa 
in, 211, 217 

Ustulina deusta ( U . zonata ) (collar 
rot), 176 


V 

Vegetative propagation, 88 ff., 122. 
See also under Clones; Plant breed¬ 
ing; Planting 

Venezuela: early shipments from, 7; 
increase of production, 8; quantity 
and flavour, 8; insect pollination, 
11 f.; original type of cocoa, 13; 
introduction of Forastero from 
Trinidad, 13, 14; Criollo, 14, 15; 
import of manure from, 52 

Virus diseases, 163 ff; in West Africa, 
164; control of, 164 


W 

W-A-C.R.I. See West African Cocoa 
Research Institute 
Water supply, 62 
“Wawa”, 66 
Weevil borers, 162 
Western Samoa. See Samoa 

ltr 1 ( see °l so under Ghana, 

Nigeria, Cameroons, etc.): intro¬ 
duction of cocoa to, 2; expansion 
ot production, 4; prices, 5; quality 
and flavour, 8; types of cocoa, 14, 
•i Amaz° n,an Forasteros, 15; 
sou, 32 ff; treatment of forest, 37; 
peasant production, 37, 120, 225, 
235; planting practice, 74 ff.; pro¬ 
pagation practice, 93 ff; shading, 


106; protection from wind, 116; cul¬ 
tivation practice, 120; fermentation, 
129, 257; drying, 133; pests and 
diseases, 150 ff, 164 ff.; preparation 
and quality, 187 ff; bulk sampling, 
195; future development of plant¬ 
ing, 197 ff.; breeding of high-yield 
trees, 205; crop forecasting, 215; 
marketing, 219 ff.; costs, 225, 235 
West African Cocoa Research Insti¬ 
tute (W.A.C.R.I.) {see also under 
Tafo): meteorological data, 27 ff.; 
soil, 42; manuring experiments, 55; 
selection and plant-breeding, 80 ff; 
propagation experiments, 88 ff.; 
93 ff.; fermentation research, 125; 
spraying experiments, 155; treat¬ 
ment for black pod, 168 
West African Marketing Boards, 220 
West Indian mahogany {Swietenia 
mahogani ): as windbreak, 117 
West Indies ( see also under Trinidad, 
Grenada, etc.): pests and diseases, 

157; spraying methods for pest con¬ 
trol, 179; costs of replanting old 
estates, 230 ff. 

White root disease, 176 
Wind, windbreaks, 8, 21, 116 ff 
Witches’ broom disease, 10, 169 
World consumption of cocoa, 211 ff, 

214 ff. 

World production of cocoa, 197 ff. 


X 

Xanlhosoma (Tannias) spp.: low 
shade, 101 

Xyleborus spp. (borers), 173 

Y 

Yaws (cushion gall), 176 
Yield per tree, 56, 80 ff, 120, 147 


Z 

Zebrina pendula: index of shade, 105 
Zinc. See Soil; Manuring 
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